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PREFACE  TO  THE  SECOND  EDITION. 


Two  ycArs  ngo  the  first  edition  of  this  work  wns  publi9htf<l.  Since 
t):at  timp  several  thousand  copies  have  been  disposed  of;  it  iias  been  in- 
troduced an  a  lc:ct-book  in  many  of  our  medical  schools,  and  has  been 
very  f«%orably  received  by  the  prof^fifiiou  and  the  public- 

1  have  therefore  felt  it  neceseary  to  submit  it  to  a  careful  exaniinatiou, 
for  the  pur[Krse  of  removing  any  errors  it  may  contain,  and  improving  it 
as  far  as  its  present  form  admita.  The  revision  it  lias  nndergone  will,  I 
hope,  make  it  worthy  of  (he  continued  patronogc  of  those  who  have  hith- 
erto shown  it  so  much  cnconmgcmcnt. 

En  these  corrections  I  have  availed  myself  of  many  of  the  suggestions 
made  in  various  reviews  of  the  original  work,  and  take  this  occasion  to 
Qxprcas  my  thanks  for  the  consideration  shown  toward  it  -both  in  Amer- 
ica and  Kurop,  No  one  know  better  tliaii  myaelf  Iiow  numerous  were 
its  imperfections.  The  manner  in  which  they  have  been  overlooked  has 
served  to  convince  me  that  those  who  were  judges  of  the  actt^nce,  and 
could  dj^al  antfioritativcly  with  it,  were  disjKified  to  encourage  any  at- 
tempt at  its  improvement,  even  though  that  attempt  was  marked  by 
many  conspicuous  shortcomings. 

For  doubtli^HS  they  saw  that  this  book  aimoU  at  much  more  than  wa^ 
directly  expresBetl  upon  its  pages.  To  treat  Physiology  as  a  branch  of 
Physical  Science:  to  exclude  fi-om  it  all  purely  speculative  doctrines  and 
ideas,  the  relies  of  a  philosophy  (if  such  It  can  bo  called)  which  flourished 
in  the  Middle  Ages,  though  now  fast  dying  out,  and  from  which  the  more 
advanccil  subjects  of  human  knowledge,  such  as  Astronomy  and  Chem- 
istry-, have  long  ago  made  themselves  free — to  do  tliis,amuunt!t,  in  reality. 
lo  a  reorganization  and  reconstruction :  a  task  of  extreme  difficulty,  and 
n  cuniplrte  success  demanding  the  conjoint  labors  of  many  philosophers 
Hutd  many  physicians. 

At  the  licst,  therefore,  such  an  attempt,  embracing  the  whole  science, 
made  by  a  aingtc  Individual,  mast  needs  bo  unsatisfactory,  if  any  thing 
like  a  rigorous  criticism  be  applied.  And  yet  it  may  be  truly  said  that 
ihc  interest  of  the  medical  profession  at  the  present  time  reijuircs  (hat 
vuch  encourigemnnt  as  this  work  tus  received  should  be  e:ctonded  to 
undiiriitking  of  the  kind.     I  hojie  that  tlie  success  which  has  in 
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this  manner  attended  my  labors  may  prove  an  encouragement  to  others 
to  devote  themselves  with  better  results  to  a  similar  task. 

To  pliysicians  I  would  earnestly  address  myself,  in  the  hope  of  ob- 
taining their  continued  aid  and  hearty  patronage  for  every  such  attempt. 
I  would  ask  them  why  it  is  that  we  never  hear  of  empiricism  in  Natural 
Philosophy,  Engineering,  Astronomy  t  Is  it  not  because  the  principles 
upon  which  those  subjects  rest  have  ceased  to  be  speculative,  and  are 
restricted  to  the  demonstrative,  the  experimental,  the  practical?  In 
Philosophy,  sects  only  arise  while  principles  are  uncertain ;  in  Medicine, 
tlie  quack  only  exists  because  there  is  a  doubt.  And  considering  the 
condition  to  which  the  medical  profession  in  our  times  has  come,  consid- 
ering its  decline  in  social  estimation,  and  its  shortcomings  even  in  its 
own  judgment — is  it  not  the  duty  of  every  physician  to  inquire  into  the 
causes  of  such  a  state? 

If  a  watch  is  to  be  mended,  or  a  steam-engine  repaired,  do  we  not  ap- 
ply the  principles  of  common  sense  to  the  case  ?  Who  ever  heard  of  sects 
among  watchmakers,  or  quacks  among  engineers?  If  we  will  only  apply 
ourselves  in  a  right  spirit  to  its  study,  there  is  nothing  more  mysterious 
or  incomprehensible  in  a  living  organism  than  there  is  in  such  mechanical 
contrivances.  There  is  nothing  in  the  structure  of  man  which  the  intel- 
lect of  man  can  not  understand.  It  is  this,  indeed,  which  constitutes  his 
chief  glory,  and  makes  him  a  worthy  representative  of  the  wisdom  and 
power  of  bis  Creator. 

As  in  any  mechanical  contrivance,  so  in  ourselves,  imperfections  and 
disarrangements  can  only  be  repaired  by  a  knowledge  of  the  construction 
of  the  parts,  and  their  manner  of  working.  The  practice  of  Medicine 
most  rest  on  an  exact  Anatomy  and  a  sound  Physiology.  As  soon  as 
it  is  brought  to  this,  empiricism  will  disappear  of  itself;  it  will  need  no 
legal  enactments,  no  ethical  codes  for  its  destruction.  And  for  this  rea- 
son, if  there  were  no  others,  it  is  the  bounden  duty  of  every  physician  to 
encourage  to  the  utmost  within  his  own  sphere  of  influence  every  attempt 
to  realize  such  a  state  of  things.  The  encouragement  which  has  been 
given  to  this  book  I  regard  as  a  token  that  these  principles  are  profound- 
ly recognized  by  the  medical  profession  of  our  country. 

To  students  of  Medicine  I  may  bo  permitted,  on  this  occasion,  to  say 
a  few  words.  It  was  chiefly  with  the  hope  of  influencing  them,  and 
guiding  them  into  the  paths  of  scientific  Physiology,  that  I  was  first  in- 
duced to  write  this  book.  I  would  impress  on  them  the  importance  of 
cultivating  habits  of  thought  arising  from  the  exact  and  practical  sci- 
ences. A  great  revolution  is  impending  over  the  profession  to  wliich 
they  have  devoted  themselves.  If  they  design  to  take  a  leading  posi- 
tion, not  merely  following  it  as  an  industrial  pursuit,  but  regarding  it  as 
one  of  the  most  dignified  and  noble  of  human  occupations,  they  roost 
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L{)tepAK  themselves  in  a  manner  consUtent  witli  the  modes  of  lliought 
that  lutut  prevail  in  the  liiiieK  nuw  quickly  a|i})roaeliiiig.  It  nmy  b«  too 
macli  fur  us  to  ejcpout  that  our  con  temporaries,  wlio  have  been  educated 
in  the  iJcus  of  tlie  paat,  slioiild  uulenrn  so  much  of  wJiat  they  have  learn- 
ed, should  in  so  many  tbings  begin  tlit^ir  stndicit  again  ;  hut  we  nwty  de- 
<miiDd  a  right  preparation  from  those  who  are  only  now  commeQciog. 
In  ofR'ring  to  them  this  book,  I  do  not  present  an  untried  work.  It  is 
the  ivaoit  of  an  experience  in  teaching  for  uiaiiy  years,  an  attempt  to  set 
'  forth  in  plain  language  tlic  great  features  of  tlic  scienoe,  and  to  give  in 
sufficient  drtail  a  reprcscniation  of  the  present  state  of  PliysioIog_v.  For 
the  puqiosc  of  facihtoting  its  study,  X  have  divided  the  whole  nubjoct 
into  two  branches.  Statical  and  Dynamical.  The  expediency  of  this  has 
been  impressed  upon  my  attention  by  the  necessity  of  conforming  the 
COtirse  of  lectures  of  which  ihesu  pages  ore  an  abstract,  to  llie  M-auts  of 
a  medic2tl  class.  Tlic  pliyi^ician  is  cbiefly  concerned  with  Iho  conditions 
of  life — the  organic  functions,  as  digestion,  respiration,  secration,  etc. 
The  doctrines  of  development  and  the  career  of  an  organic  form  are  of 
less  jmLi)<aing  interest ;  hut  it  was  very  soon  found  that  other  advantages 
were  derived  from  this  subdivision,  as  miglit  have  been  expected  from  its 
conformity  to  the  usages  of  wrilers  on  other  branches  of  Physical  Science. 

To  the  general  reader  I  may  remark  that  I  Jiave  endeavored  to  carry 
out  in  the  following  pages  the  spirit  of  what  is  contained  in  the  preced- 
ing piir-igrnphs.  T  have  devoted  mure  than  twenty  ynars  not  merely  to 
llie  study,  but  also  to  the  cxpcrinicntal  determination  of  physiological 
qaestions,  of  which  only  a  summary  could  here  be  offered.  It  was  not 
possible  to  give  my  own  results  mon>  in  detail  in  a  formal  text-book  on 
the  entire  science,  but  it  may  not  perhaps  Ijc  imprO])er  here  to  say  tliat 
opinions  sometimes  delivered  in  a  few  Uiies  have  cost  mc  many  days,  or 
even  weeks,  of  cx^wnsive  and  laborious  ex]>erimcnt. 

Among  the  contemporary  works  I  have  nscd  as  authorities  are  1)t. 
Carpenter's  different  trvaliscs,  Todd  and  Bowman's  Physiological  Anat- 
omy, and  Kirke's  and  Pagct's  Hand-book.  As  respects  monographs,  the 
langnage  of  the  authors  themselves  has  been  employed  wherever  it  was 
poasible.  A  list  of  wood-cuts  is  annexed,  in  which  reference  is  given  to 
the  sources  &om  whicli  those  not  original  have  been  dtrjved.  In  the 
explanation  of  these  engravings  the  dc?crtpltoit  used  is  that  of  the  au- 
thors themselves  in  most  cas<^,  and  it  is  incorporated  in  the  text,  as, 
for  instance,  in  Rook  I., Chapter  XVII.,  in  whieU.the  engravings  being 
deriretl  irom  the  Ncturology  of  LeveilM  and  HirBi^hlicId,  the  aecompany- 
n^  descriptions  are  merely  translations  from  the  French;  or,  again,  in 
Book  II..  Chapter  "^TI.,  in  Dr.  Prichard's  statements  of  the  methods  ot 
cxamiiuiig  the  skull.  With  respect  to  tlie  original  engravings,  it  will  be 
Men  that  many  have  been  obtained  by  the  aid  of  microscopic  photog- 
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rapfay,  the  process  having  been  so  tar  improved  by  me  as  to  be  made  very 
available  for  these  uses.  For  several  of  the  specimens  from  which  pho- 
tographs have  been  taken  I  am  indebted  to  Mr.  Abbott. 

In  this  work  I  have  therefore  endeavored  to  treat  of  man  according  to 
the  methods  accepted  in  Physical  Sdence,  but  still  of  man  as  an  individ- 
ual only.  Physiology,  however,  in  its  most  general  acceptation,  has  an- 
other department  connected  witli  problems  of  the  highest  interest.  Alan 
most  be  studied  not  merely  in  the  individual,  but  also  in  the  race. 
There  is  an  analogy  between  his  advance  from  infancy  through  child- 
hood, youth,  manhood,  to  old  age,  and  his  progress  through  the  stages  of 
civilization.  In  the  wliole  range  of  human  study  there  are  no  topics  of 
greater  importance,  or  more  profound,  than  those  dealt  with  in  this  sec- 
ond department  or  division.  It  is  also  capable  of  being  treated  in  the 
same  spirit  and  upon  the  same  principles  as  the  first.  I  have  nearly 
completed  a  volume,  which  will  serve  as  a  companion  to  this,  in  which 
in  that  manner  the  subject  is  discussed,  and  the  laws  which  preside  over 
the  career  of  nations  established,  and  would  bespeak  for  it  the  considera- 
tion of  the  reader. 

John  W.  Drapek. 

rmversity.  Nem  York,  July  Ui,  1868. 
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For  \\w  maintenance  of  the  litu  of  iimii  tlinx-.  clieniiual  ctiiidiiions  must 
lie  complied  with.  Ue  must  l>c  liimtBlioil  with  air,  water,  aixl  conibusti- 
hlc  mnttPT. 

Under  the  fianic  condhionR.  also,  all  animals  cxint.  Even  in  those 
wfcJcij  wjcin  to  i'timish  ue  witJi  instances  of  departure  from  this  rhnt  «oiuii. 
gtoeral  rule,  tho  exceptions  arr  raihur  apparent  than  real.  To  ''""*  ''''^'• 
breathe,  to  drink,  lo  «it,  an*  the  imlitiiieiwablc  rccjuisitc*)  of  life.  If  there 
l«  aiQotig  inacutfl  book)  which  seeni  never  to  taki>  water,  or  among  fishes 
Bomr  «liii;h  never  la.sle  aolid  food,  these  ppciiiiarities  di»appejir  as  soon 
■8  wi'  uii'iersu-unl  them  properly.  Wlien*  »  hi;j;li  »levelopmfni  hn*  hceii 
attuned,  ait  in  man,  experience  assures  ns  that  the  aamc  incvitahh-  renult 
awaitH  a  ceaaatiou  of  respiration  for  a  few  moments,  an  abstinence  from 
water  for  a  few  hours,  or  from  food  for  a  few  days. 

Tbe  supply  of  a  part  of  them.*.  neee«sarics  of  Utu  is  atljiutted  to  tlic  ur- 
y  of  lilt  want.      Tliu  act  of  breathing  is  incapable  of  dn-  Soamvof  np- 

f,  but  the  air  is  accordingly  every  wliere  present,  and  al-  iti»«f»»wri»i. 
wajra  fit  tiir  use.  We  can  bear  with  thirst  for  a  little  tinH%  and  llio  earth 
licre  and  thcn^  fiiniishf*!  her  HpringB  and  other  atorea  of  water.  But  far 
ochcrwise  is  it  in  tlie  obtuiiiing  of  food-  It  is  flic  lot  of  nil  animals  lu 
■enue  tiourishm^'nt  by  lalior,  and  even  of  men  the  larger  proportion,  tioth 
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in  civilized  and  savage  countries,  submit  to  a  hard  destiny.  To  obtain 
their  daily  bread  is  the  great  object  of  life. 

What  is  the  philosophical  explanation  of  tliis  necessity  for  a  supply 
of  air,  of  water,  of  food  ?  Why  is  it  that  the  system  will  bear  so  little 
delay? 

The  answer  which  Physiology  gives  to  these  questions  is  an  answer 
Ufe  denends  ^^  ominous  import,  but  the  whole  science  is  a  commentary  on 
on  destruction  its  truth.  The  condition  of  life  is  death.  No  p^rt  of  a  liv- 
of  miten  .  ^^  mechanism  can  act  without  wearing  away,  and  for  the 
continuance  of  its  functions  there  is  therefore  an  absolute  necessity  for 
repair. 

It  has  been  greatly  to  the  detriment  of  physiology  and  the  practice  of 
medicine  that  this  conception  has  not  been  thoroughly  realized  until  late 
times.  The  aspect  of  identity  which  an  animal  presents  is  an  illusion, 
hiding  from  us  the  true  state  of  the  case.  It  has  been  the  fruitful  source 
of  errors  which  have  retarded  the  progress  of  these  sciences.  What  could 
their  career  possibly  be  when  men  had  persuaded  themselves  that  a  liv- 
ing being  possesses  a  capacity  for  resisting  any  change,  and  that  organic 
structures  never  yield  to  external  physical  influences  until  after  death  t 

But  life,  far  from  being  a  condition  of  immobility,  is  a  condition  of 
ceaseless  change.  An  organism,  no  matter  of  what  grade  it  may  be,  is 
only  a  temporary  form,  which  myriads  of  particles,  passing  thxough  a  de- 
terminate career,  give  rise  to.  It  is  like  the  flame  of  a  lamp,  which  pre- 
sents for  a  long  time  the  same  aspect,  being  ceaselessly  fed  as  it  ceaselessly 
wastes  away.  But  we  never  permit  ourselves  to  be  deceived  by  the  sim- 
ulated unchangeableness  which  such  a  natural  appearance  offers.  We. 
recognize  it  a§  only  a  form  arising  from  the  course  which  the  disappear^ 
ing  particles  take.  And  so  it  is  even  -with  man.  He  is  fed  with  more 
than  a  ton  weight  of  material  in  a  year,  and  in  the  same  time  wastes  more 
than  a  ton  away. 

There  is,  therefore,  a  general  condition  of  equilibrium  which  every  an- 
Conditiong  of  '""^  presents,  depending  upon  its  receipts  and  its  wastes,  a 
eqnitibriom  in  pTOper  knowledge  of  the  conditions  of  which  is  at  the  founda- 
"**"■  tion  of  Physiology.     That  we  may  approach  this  problem  un- 

der its  simplest  form,  free  it  from  all  unnecessary  complications,  and  make 
it  of  most  interest  to  the  special  object  of  this  book,  the  remarks  now 
to  be  made  will  be  confined  to  our  own  species,  and,  except  when  oth- 
erwise stated,  to  a  condition  of  health,  and  to  the  adult  period  of  life. 

To  have  a  uniform  standard  of  refCTence,  we  may  assume  one  hundred 
and  forty  pounds  as  the  weight  of  an  adult  healthy  man.  Now  the  con- 
stant consumption  of  food,  water,  and  atmospheric  air  tends  steadily  to 
increase  that  weight,  and  even  in  a  very  short  time  a  disturbance  arising 
iirom  these  sources  would  be  pCTceptible,  were  there  not  some  causes  of 
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ition.  But  even  aftr-r  a  year,  if  a  stale  of  beoltii  is  maintained, 
&tK  w^lil  may  remain  jirecificlv  what  it  vrna,  and  thin  may  oontinui;  v-ear 
aftpf  year  in  sncceaaioii.  The  conaninptioii  ot"  large  quantitici  of  soliii. 
tiqui<),  ami  gaiteous  inatt^T  does  not  therefore  iiccc»iMuiIy  add  to  tJic 
«ri*ijrhi. 

There  are  tvo  periods  of  life  for  which  this  observation  wiU  not  liolU 
good.  They  arc  infancy  and  old  age.  Duriug  the  former  the  weight  in- 
CfMeea  from  day  to  day.  luid  during  the  latUT  it  hIhwIv  decUncv. 

If  ibcrc  hi:  llins  cuuhcs  (or  the  iiicivasc  of  weight  of  the.  lixing  system, 
tbere  arc  ahto  causes  for  its  diminnrion.  Setting  aside  the  minor  ones. 
there  may  be  chiefly  ennmeniied  as  loiis  hv  nrine,  hy  ftecc«,  hy  transpired 
and  expired  matters.  By  transpired  matters,  are  meant  aucIj  as  escape 
under  the  form  of  Iif|ui4U  and  gaaes  Jrom  the  akinf  and  l>y  expired  mat- 
fcTR.  *'a|iors  and  gase«  r»cJi[,iiiig  from  the  lungs.  Tliere  is,  theretore,  ii 
tmdeiicy  to  on  inrreaitc  and  a  tendency  to  a  diminution  of  (he  weight. 
and,  in  the  uoiidition  of  pfjuilihrium  wo  ure  uon»idcring,  these  oiuflt  ImI- 
anoe  one  another. 

If  a  man  of  the  standard  weight  abntains  from  the  taking  of  water  and 
food,  a  good  bnUince  will  prove  that  in  the  course  of  loss  than  an  hour  he 
hflfl  become  lighter.  If  he  «till  i>rraists,  it  needs  no  instrument  to  detect 
what  is  going  on  ;  the  eye  perceives  it,  for  emaciation  ensues. 

Uow,  ll»en,  is  it  possible  for  a  liviug  beuig  to  continue  at^  ita  standard, 
exrcpt  the  causes  of  inercaRO  are  precisely  e*jiml  in  eflect  to  the  causes 
of  diminution  t  Ovfn-Iooking  minor  ones,  we  may  therefore  assert  llint 
the  sum  total  of  food,  water,  and  atmospheric  air  taken  in  a  given  periotl 
of  time  ia  predaely  equal  to  the  sum  total  of  all  the  losses  by  urine,  fa*- 
eea.  transpirerl,  and  expired  matters ;  for  if  the  n^ceiprs  were  srealer,  the 
v«^t  nmst  increa^^ — if  the  losses  were  gn-alcr,  the  weight  must  dimin- 
ish. Persistency  in  this  re^spect  proves  equality,  and  the  case  is  just  as 
•tmple  as  in  the  common  affeirs  of  life ;  he  who  pays  le«s  than  he  receives 
grow*  rich ;  if  Iiiri  payments  arc  more  than  luo  rec«ipls,  he  becomes  poor: 
bot  fats  condition  is  unchanged  if  his  payments  and  receipts  are  eqnal. 
tnfiuicy,  old  age,  and  mantiood  answer  to  these  circumstances  respect- 
rrdy. 

From  the  army  aiid  navy  diet  tvalcA  of  Franoe  and  England,  whieli  of 
eoane  are  baaed  u]ion  the  recognized  necessities  of  large  quantity  or 
nonbm  of  men  in  active  lifr,  it  is  inferred  tlint  about  2i  "'■'">'■  "-i^lrH 
{nnncn  avoirdupois  of  drv  food  per  day  are  required  for  each  >^r. 
tndividiial ;  of  this  Bl»ont  thrw!  quarters  are  vegetable  and  the  rest  animal. 
Al  the  close  of  an  entire  year  the  amount  is  upward  of  SOO  pound*. 
EDnmcntiiig  under  the  title  of  water  all  tlie  various  diinks — coffin;,  tea. 
aloolioL  wine.  Ac — its  e?tiinnte*i  <|uantity  is  about  1500  {lounds  per  an- 
ooni.     That  for  oxygen  may  be  lakeai  at  HOO  [Kfunds. 
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With  tbMC  figureji  bcfon.'  ua,  we  an*  «Uo  to  ace  how  the  case  stands^  i 
The  food,  water,  and  air  which  a  iiiuii  reeeivcit  amount  in  the  a^]:^f^t8 
to  moiTi  ttiati  HOOO  |Kiuiids  a  year ;  tliat  in,  to  abutit  u  ton  and  a  lialf,  or  to 
moTv  titaii  twcrtty  timiv  his  weight.  This  L-nonuous  mass  may  well  at-j 
tract  our  attention  to  the  expenditure  ot*  material  whicli  is  rcrpiircd  for 
supporting  lite.  It  reveals  to  ur  the  tact  that  the  old  plivdiological  doc- 
trint*,  tiut  a  li%iDg'  being  is  not  inflncnccd  hy  cxtomal  agcnbi,  \»  altogether 
a  ftdhicy.  A  living  being  in  the  result  and  rqircsentati^-e  of  change  on  a 
prodigious  scale. 

The  cuiiditioii  (rfequililmum  whiuh  han  just  been  set  forth,  moreovBr,. 
Qwoiiiyor      l«wh!  to  the  concluf>ion  that  the  upgrepate  weight  of  urine, 
In^MMBina      fieoei*,  tmnspirexl,  and  expired  matl^r  is  the  same  lor  the 
f  Mr.  same  ponod  of  time;.     In  round  numbers,  we  may  take  it  at  j 

a  ton  and  a  half. 

It  can  not  be  (jucationed  that  the  material!*  wliich  an'  renderwl  back  to  1 
the  external  world,  after  having  subserved  llie  ]nirpoBe  of  the  animal  and! 
paswd  through  its  gyHtem,  arc  comjioundu  of  thos*'  which  were  originally] 
reoci^-ed  ao  (bod,  drink,  and  air,  tliough  they  may  have  aiutumcd  in  their  j 
course  other,  and  perliaps,  in  our  estimation,  viler  forma.     Hecognizii 
as  indiitputabie  the  phyaical  fact  that  not  an  atom  can  be  created  any 
mori'  than  it  can  be  destroyed,  wc  should  expect  to  distcover  in  the  sub- 
stances thus  .dismissed  tnira  the  system  cvei^'  partielc  lliat  had  been 
taken  in. 

Wlint,  then,  is  man  ?  Is  he  not  a  form,  as  is  the  flame  of  a  lamp,  the 
tcin]>orary  result  and  rcprcf»cntalivc  of  myriads  of  atoms  that  arc  fast 
paaAtng  through  stateit  of  cliange — a  meclumism,  the  partR  of  which  are 
lUicCiasingly  taken  asunder  and  as  unceasingly  replaced  ?  The  ap]>oaiw 
anee  of  corjrorftal  identity  he  preeents  year  after  year  is  only  an  illuxlon. 
He  Ifegins  to  die  liw  moment  he  begins  to  breathe.  One  |)articJc  aftcv'j 
another  iH  remored  aw&y,  intenttttial  death  occurring  even  in  the  iumostj 
recesses  of  the  body. 

from  these  geneml  considerations  wc  infer  that  tlie  essential  condition  { 
Gnat MUMit of  of  lite  ia  waste  of  the  bodv  :  and  this  not  only  of  the  body 
Uw ■Tthimof     "'  ^^'^  "ggrcgalc,  but  even  of  each  of  its  particular  parts. 
•MB-  Whatever  part  it  may  Xte  that  is  exercised  is  wearing  away, 

uid  whenvcr  Uierc  1b  activity  there  is  death.     And  shice  parts  that  ore 
dead  are  useless,  oro'en  injurioue  tu  tlie  economy,  tlie  nece^isilies  simul- 
taneously arise  for  their  removal  and  for  rejHiir.     JIucli  of  the  compH- 
catud  mechanism  of  animal  structures  ia  for  tlie  a<:com})liBhmt-nl  uf  this' 
double  duty. 

For  an  organic  being  to  live,  its  parts  must  die.     The  amount  of  activ- 
ity it  displays  is  measured  by  the  anicnnit  of  death,  and  in  this  regard 

L-ry  mcmlwr  of  the  animal  scries  stands  on  the  same  level.     Here,  at, 
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ihc  very  outset  of  onr  science,  we  mitHt  disraisA  tUc  vulgar  error  tliat  the 
pbjvical  condilioDS  of  existence  vnry  in  different  tribeB,  and  that  man  is 
not  to  be  compared  with  lowor  forma.  W'e  must  steadily  keep  in  riew 
the  interconnection  of  all,  a  doctrine  whicli  is  the  guiding  light  of  modem 
phvuiolr^',  and  wliicli  authoriKps  tin  to  appeal  to  tlif  strurtnrp  and  func- 
tiiins  of  onr^  aniinul  for  an  expitinatioii  i>f  th<>  stnictare  and  fiinctinnn  of 
The  more  »tea<lil_v  wo  kwp  before  u8  this  |>hilofw>|jIiical  C0I>- 

tion  of  the  interconnection  of  all  or^^anic  forms,  the  cle-arvr  will  be  our 
pfajaiologicnl  >'iew8.  There  \ms  never  been  created  Budi  a  thing  as  an 
isolated  living  being. 

From  llic  niJinncr  in  which  (lii'se  generjd  fviiTftidi'rations  of  the.  mcchaB- 
iaU  and  dM-niical  eqnililiriuni  ofllie  Hvstem  of  man  lm%*e  b«*n  NcotoityMd 
introduced,  it  will  donbtleas  be  ween  that  it  i»  the  first  busi-  M|^,toioiric»i 
Tiess  of  the  "phvaiologiftt  to  diM^nTAnglc  llie  variable  results  #uinl»rt». 
which  that  nrKteni  preitenl*,  as  far  as  may  be  ptwslble-,  and  offer  them  un- 
der a  rtondanl  «wlunate ;  that  at  the  bn.si0  of  this  Bcience  there  should 
be  a  table  Kctling  foTth  with  the  ntnioRt  c.tHCtnea?  all  the  quantities  con- 
ccnxxl  in  such  a  standard  ty|>c.  Thurt.  assuming  the  weight  ef  an  adult 
mau  at  140  |K)uiiil«t  aa  we  liave  donc^  it  should  tthow  the  diunial  conitiuup- 
tioii  of  couilnuitibli)  matter  or  fiwd,  of  water,  of  air — tlie  diurnal  loss  by 
eva|ioratiun,  by  si-erL-lJun,  by  respiration,  lii  contract  with  tliirt  it  »houM 
alio  pre  the  nocturnal.  It  should  aIf*o  reprejwnt  the  quantity  of  bile, 
of  aalnm  of  pancreatic  juit-r;  tbo  weight  of  rat- h  one  of  the  various  wilts 
aod  ofgauic  Itodics  tliey  contain,  the  diurnal  and  nortumal  production  of 
beat,  Ac 

For  the  puq>o«j  of  Ihe  practice  of  medicine,  a  standartl  of  140  pounds 
will  prrliapM  bo  fowid  mout  convenient,  but  in  u  8tionti(ic  point  of  \"iew, 
and  t«{iF).-taUy  tor  com|)aralive  physiology,  a  slmuUnl  of  IOt)0.|Mirl»  la 
itest  a^uniM.  I  now  present  an  attempt  at  the  conKtniction  of  such  t*- 
liles,  it  U'inf*  perhaps  Bcaroelr  necesKary  to  a{H)logi7.c  for  their  extreme 
imperfrction.  Though  offering  tJic  reaults  nt  present  received  as  most, 
tmatwonhy,  a  very  Buperticial  examination  will  hIiow  how  full  lliey  are 
fif  errors  and  cmitradictionR.  l^erhap?  it  would  not  -be  too  much  to  aay 
thai  it  will  re«{uir(>  the  labor  of  ninny  phytdciana,  continued  for  centuries, 
to  bring  such  tables  to  the  truth.  Vi^l  the  approach  to  precision  in  these 
tical  euniiliuila  will  in  all  times  be  a  meatinrG  of  the  exactness  of 
^',  and  it  may  be  added,  also,  of  the  pnicliee  of  medicine.  The 
tiBie  ia  at  Iiand  when  such  a  typical  fifandard  must  he  the  starting-point 
for  patlu>log\',  and  nn  mti(ni.i1  pmcticeran  exi.n  ii'illiout  it.  The  pn^sngi- 
of  pbywolof5",  from  a  speculative  to  a  positive  science,  is  the  aignal  for  a 
rmndntion  in  the  practice  of  medicine, 
^JIon!0^'er,  physiology  shouM  fiimish  formulas  for  the  computation  of 
ia  tbew  tabular  numbers  under  variable  conditions ;  as,  for  in- 
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staoce,  under  low  nml  Iii^'h  ncrJal  temperatun>5,  clianp?  of  atmotipheri 
pressures,  absolute  (juJEisoence,  or  the  ueur  u|i|irouch  ihcrpto,  tliu  effect  of 
a  determined  Htnount  of  locomotion,  or  other  niusctitor  exertion,  &c. 
iJie  science  Ivconies  more  perfert.  it  should  likewise  nttcmpt  to  cmbrucs, 
{Htlhological  states :  »»,  for  iniatance,  the  ilinmal  or  jxriodic  productiMi  of 
beat  id  tevers,  the  effect  of  the  hygienic  system  of  tlie  bedroom. 

I'hysiolog}'  linving  attaiiie<I  to  tliis  high  condition,  the  practice  of  ined' 
icinc  in  its  great  depnrtnietit  of  diaguosis  will  consist,  in  reality,  in  the 
wjluiiun  of  inverse  [iroblems.     Given  the  varifltions  from  the  standftnl  es- 
iflting  in  Any  caae.  In  determine  the  cause  of  tliosc  variations.     At  ihi 
point  dingnosifl  Iwcomt-fl  &.  seienre,  and  crastw  to  lie  an  art. 

.Vj  in  painting  and  statuary,  the  nrtisl  lm»  an  idad  motlcl  in  liis  mind, 
til  ir«u  f  '^  *5T'*^^  standard  wiiich  no  living  being  lins  pcrtectly  reacb- 
Um  Miowtng  cid,  tltough  some  of  tho  most  bcantifril  may  liave  approadked 
ubk.  thereto,  so  in  physiulog}'  tlie  Btandwd  or  t^'pical  mem 

sents  the  combined  and  uieau  valties  of  all  the  human  race; 

A  U-sfi  i-onipn-hentfive  view  presents  us  with  distinct  nntioiial  standarrli^ 
instead  of  lliit«  universal  one,  for  Dvcry  coiuitry  Iuih  ittt  own  pt^^iliarities. 
Results  of  the  highest  intciYMt  are  to  iw  |icrceivcd  when  these  nationnl 
Rtatidanls  are  compared  with  one  another.  Even  the  (mme  nation  nmst 
offer,  from  age  to  age,  moditications  in  its  type  expressive  of  the  s^'cidar 
Itcrtiirlxitions  it  is  undeigoing,  as  tt  advances  or  defends  in  a  knowledge 
i>f  tlw;  arts  of  life  and  civiliiwilion. 

Moreover,  thtre  arc  typical  stamlanls  <^  a  still  lower  order,  having  ref* 
ereuce  to  thu  conditions  of  sex  oiid  the  period  of  life.  Of  these  six  may 
be  designated — the  infant,  the  adult,  (he  aged,  of  the  mule  and  femiilc  sex 
respectively. 

As  illustrations  of  those  rcmnrks,  and  examples  ttf  the  determination  of 
the  tiindamciitaJ  element  of  such  a  g«iieral  phj'siolngical  table,  ihr  stand- 
iird  weight  of  the  body,  we  may  take  tlic  following  estimalcs.      An  ex- 
nmination  of  20,0(10  intimls,  Ht  the  ilatemit^  in  Paris,  gives  for  the  weight 
of  tiio  iicw-!x)ni  GJlbs. ;  the  same  mean  value  obtains  for  the  city  of  Brua- 
(*eU.     Kor  alwut  a  week  after  birth  this  weight  undergoes  an  actual  dim- 
inution, owing  to  the  tissue  dostniction  which  endues  through  (he  estal>- 
lishment  of  aerial  respiration,  and  wliich  for  the  time  exceeds  the  gain 
from  nutrition.     For  the  fame  age  the  male  infant  is  heavier  than  thctc- 
nmle,  Imt  this  diffen-nw.  gnuhmlly  diniinishct,  and  at  twelve  yeara  their       , 
UTight  is  sensibly  the  snme.     Three  yean*  later,  at  the  jxTiwl  of  puberty,  H 
the  weight  is  one  hall'  of  wliat  it  is  finally  to  be,  when  full  development  " 
is  readied.     The  ninximum  weight  eventually  attained  is  n  little  more  ^ji 
than  twenty  times  that  at  birth,  this  holding  good  for  both  wxcs;  but  ^H 
since  the  new-born  female  weighs  \cm  than  the  standard,  and  tlie  new-  ^\ 
bom  mule  more,  the  weight  of  the  adult  male  is  l>((^-i'^(^  lbs.,  aud  uf  tlie 
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iijult  ftinuilc  121~^i'(|l),  lltp.  The  mean  wviglit  of  a  muii.  irrcKiiective  of  Lib 
periofl  of  lilb,  i.->  lOii^j^"^  lbs.,  and  of  a  womaii  yJI^Vt'^'it  ''"**  '1''*'  mean 
wn^il  <ri'  .1  Uuiuaii  Leuig,  without  reference  cither  to  age  or  sex,  is 
BHT^lbn. 

For  the  precrding  niimWrs  wn  nn>  infHitrd  to  the  wsfturdies  of  M. 
Qwrtclct,  wlio  likewise  has  in  an  intcroisting  manner  extender!  the  incth- 
4ids  of  etAtisticA  lo  the  ilhisfration  of  the  physical  and  moral  carwr  of 
RUID,  and  impressed  nn  with  (he  fact:?!  tUut  in  lhi.>  dinicuitsion  of  the  phe- 
Domena  wtiich  mosscA  pr(;!H.>nt,  iiidividiiiU  pccidiarity  dit<appear8  and  gen- 
cTftl  laws  exDf  r}?;.  Tlit;  actions  which  t>eem  to  he  the  result  of  free  will 
inthp  indi\HdiiaI.  a^nnit*.  th<!  \pim'  of  necpsaity  in  the  C(>mmuni!y.  JiiPil 
■8  wn  am  mtrv  iliat  man  \»  horn,  dcvidopn^  anrl  dies  under  llie  ujicralion 
uf  lawH  that  are  ahsolntely  invarialilc,  so  communities  seem  lo  be  under 
the  inflnenii-  of  unchangeable  lawn.  "  In  commanities  mnn  commits  the 
Mtne  nunilvr  of  niurdcM  each  year,  and  does  it  with  the  ENimt;  wea|>onfi. 
We  ini|^it  cnumenite  beforcliand  how  many  individual!)  will  imbrue  their 
handj  in  the  blood  of  their  kind,  how  many  will  forge,  liow  many  poison, 
wry  nearly  as  we  enuiflcrate  beforehand  how  many  birtlw  and  dcallis  will 
lake  placr." 
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It  is  to  be  rocei\'Bcl  ae  a  doctrine  admitting  no  controversy,  that  or- 
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gBnic  STEtems,  wbcther  vegetable  or  animal,  wlHrtttcr  liiunble  or  daboratc- 
AaanimUcTo-  \y  tlevcJopcd,  pouess  no  power  of  creating  material.  Their 
but  mw  trantk  ^nctioD  18  of  neccs«ty  limited,  to  tlie  mere  transformation  of 
ttanu  the  Mib.  (;iihi(tancca  fiimi«lH"<l  to  thcin.  From  tliis  it  follows,  even  in 
«tr«.  tlic  cnite  of  man,  tliat  the  ^ubfltanccji  di^iniiMtctl  from  titp  nyit- 

tem  are  melamorpliosed  forms  of  thow  whicl»  have  J»ocn  received.  tmA 
tljat,  «liat<'vcr  their  apiK-arance  iiwiy  W,  thcv  must  have  arisen  firoin  llie 
reaction  of  the  food,  w^ler,  and  air  upon  one  another. 

Thi^  reaction  vre  may  proceed  to  view  as  a  purely  chemical  result ; 
for,  coatinj;  aside  aU  the  vain  hypotheses  of  the  older  physiology,  and  pm^ 
mitting  ourselves  to  Ik  ^tided  by  liie  harmonics  of  nature,  we  alioald  ex- 
pect to  recognize  in  iKC'  i^hangt'ii  taking  plai^  in  organic  systems,  and  iu 
tlic  phenomena  which  attend  those  chaiigi-t*,  the  same  resiiltii  whiuh  arise 
in  the  artiticial  or  oxperimcntnl  reaction  of  food,  water,  and  air  on  each 
other.  ,\  very  MUiKrficial  examination  of  the  facta  shows  at  once  the 
TbadHoniMi  correctness  of  this  expectation.  On  such  an  examination  we 
nuiH»««.  ^^^ enter,  premising  it  with  sonic  gi-nt-rnl  remarks  nw<lfid  for 
o«Iv«d.  our  purpose  on  the  nature  and  propertied  ol'  lixid,  water,  mid  air. 

let.  Op  Food. — No  article  is  suitable  for  food  except  it  be  of  a  com- 
bustible iiaturf.  Its  cheiniuil  coiuttilntion  must  l>e  such  that  if  its  tem- 
p(;raliin>  Iw  raised  tu  u  projH'r  degriH?  with  a  due  access  of  alinoHphcric  air 
it  will  take  6re  and  Inuii.  and  the  products  of  its  combustjon  mnst  be  cai^ 
bonic  acid  gas  and  water,  or  those  substances  with  nitrogen  or  its  com- 
pounda. 

2d.  Of  Water. — Tids  may  be  lakon  as  the  type  and  representative 
of  all  the  various  lifjuids  ui^ed  as  drinks.  Jt  c\niporatcs  at  any  teni|)eni- 
tnre,  even  at  those  which  are  lower  than  its  frne^ing  point,  and  in  this 
eva|iaration  proihiecs  cold.  Water  vaporizing  from  Hic.  skin  aU'Mirhe  1 1 14 
degrrrs  of  Iw'at,  and  lirnre  exerts  a  most  powerful  rctrigerating  arlion. 
O^-cr  aaliiic  substances  there  arc  few  bodies  whicli  exercise  so  general  a 
solvent  effect.  In  \-irtue  of  this  property,  it  is  enabled  to  introduce  in 
die  dissolved  state  such  compounds  as  arc  wanted  for  Ihc  nutrition  of  the 
system,  and  in  the  same  manner  to  cany  away  the  waste^l  products  of 
decay. 

3d.  Ol--  ATMasriiEuio  Am. — The  active  principle  of  the  air  is  oxygpji 
gas,  the  effrets  of  which  are  moderated  fiy  the  prrsencr  of  a  large  (pianri- 
ly  of  nitrogen — four  fifths  of  the  air  consisting  of  this  latter  substance. 
Physiologically,  wo  often  use  the  terms  atmospheric  ahr  and  oxygen  sjn- 
onvtnously. 

Tlic  cliicf  materials  which  a  living  being  rcccivra  from  the  cxtcmal 
world  are,  ihcrefore,  combustible  matter,  water,  oxtoen  oab  ;  and  out 
nf  the  action  of  these  upon  one  anotlicr  all  the  physical  phoiiomeiia  of  its 
lil'e  arise. 
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,  Aub  Wng  the  nature  and  properties  of  the  tilings  receiveJ.  we  mav 

examiue  in  the  same  general  manner  those  which  are  i-nipcniM  or 

from  the  svatem.     Ilere,  at  the  very  outaett  we  en-  "'"•ifw*" 
,       .  ',-11  •  1-      1         1  1   ul«n"l»«d  br 

imitcr  toe  important  tact  (hat  they  are  oxidizeu  or  burned  tboi/M«m.' 

laL  Ab  rtspects  tlio  urine  and  its  constitaents.  Its  liquid  part,  wa- 
Isrv  is  on  oxide  of  hydrogen,  of  which,  iliough  the  greater  portion  may 
not  have  been  produced  in  the  economy,  yet  a  curtain  quantity  unquee- 
tionably  has.  In  it,  too,  arc  to  he  found  suJphuric  acid,  whicli  is  an  ox- 
of  sulphur;  phosphoric  acid,  winch  Is  an  oxide  of  phosphoms ;  and  itfi 
'  leading  «uhd  constituent,  urea,  is,  lite  representative  of  bodies  which  arise 
when  proccssea  of  oxidation  have  be^n  going  on. 

Sd.  The  expired  and  transpired  matters  present  similar  burned  com- 
louds.  At  tlic  head  of  thcec  prodact»  stand  carbonic  acid  gas,  which  is 
oxiilo  of  carbon,  and  wiitvr,  which,  aa  we  hare  already  said,  is  an  ox- 
ide of  hydrogen.  \Vc  here  omit  any  consideration  of  the  nature  or  oon- 
Klitution  of  the  faTal  niuHer,  because  mticli  of  it  has  never  been  properly 
in  the  interior  of  the  system,  thougli  it  liofl  pajiscd  through  the  intestine. 
The  general  result  at  which  we  arrive  is,  then,  that  ilic  food  consists  of 
comhiii*tibIc  matter,  wid  tliai  tlie  substances  dismissed  from  the  economy 
an;  oxiiU/.cd  lx>dicj«.  A  burning  must,  therefore,  have  been  go-  ^  |^.. 
ing  on,  and  this  could  only  luvc  been  accomplislted  by  the  air  pccaninthc 
^intnidDce«l  by  hieatbing  acting  upon  the  substance  of  the  body      ^' 

If  and  its  contents,  ajid,  to  repair  the  wa^ie.  winch  must  have  ensued, 
a  doe  weiglit  of  food  has  been  m|iiired.  Since  this,  in  its  turn,  as  a 
of  the  living  mirclianism,  is  destined  to  undergo  the  like  distructivr 
in,  we  may  present  ttic  entire  series  of  facts  under  consideration  cor- 
ncUy  by  regarduig  tliem  as  arising  remotely  from  the  action  of  the  air 
^■pon  the  food. 

With  iliis  fltateraent  before  us,  we  next  inquire  what  ensues  when  sab- 
appropriatc  for  food  are  exposed  in  artificial  cxperinieuts  at  a  cer- 
tain tentperatura  to  the  airtion  of  utinuspUerii;  air. 

A  piece  of  flceli,  or  evcit  of  any  vegetable  body,  oonosting  of  carbon. 
hydrogen,  oxygen,  and  nitrogeji,  submitted  to  those  condi-  RMuiuvfini- 
I  nndergopfl  combustion.     Its  carbon,  by  uniting  with  ox-  *'"■'  '■'>""''"• 
pmiuces  carbonic  acid,  its  hydrogen  tor  the  most  ])aTt  u  Uut  la  ibc 
;r,  but  a  residue  thereof,  combining  with  the  nitrogen,  may  **^y- 
rise  to  the  proihirtiou  of  ammonia.     If  tlicrc  be  any  sulphur  and 
iruif  present,  they  also  bum,  and  salts  of  sulphuric  and  phosphoric 
are  the  rcsolt. 

Sodb  is  what  occurs  outside  of  the  body  in  a  common  case  of  artificial 
eombostion  wlicre  atmospheric  air  has  accrjis.  The  constituents  of  which 
the  food  is  composed  ilius  satisfy  tticir  clicmical  affinities,  and  the  oom- 

1^ 
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pounds  we  have  mentioned  arise  Now  it  is  a  fact  of  the  ntmoBt  agoiS- 
cance  that  the  compounds  thus  originating  from  the  direct  artificial  bmii'- 
ing  of  matters  proper  for  food  are  the  veiy  same  that  are  dismissed  from 
the  animal  system  in  which  food  has  been  submitted  to  the  air  introdnoed 
by  respiration.  They  are  such  substances  aa  carbonic  acid,  water,  am- 
monia, sulphates  and  phosphates. 

It  may  impress  these  truths  more  deeply  upon  us  to  learn  that  the 
&cts  at  which  we  have  thus  arrived  may  also  be  recognized  in  the 
changes  of  destruction  presented  by  the  vegetable  kingdom.  The  leaves 
of  trees,  after  they  have  fallen  in  autumn,  quickly  decay,  and  even  the 
heart-wood  itself  has  a  limit  beyond  which  it  does  not  last.  Sooner  or 
later  every  part  of  a  plant  is  destroyed  by  the  atmospheric  air.  Such 
limits  of  duration  in  animal  structures  arc  short.  A  very  brief  time,  per- 
haps  only  a  few  hours,  is  all  that  is  wanted  for  putre&ction  to  set  in,  and 
the  entire  mass,  undergoing  dissolution,  is  lost  in  the  surrounding  air. 

This  final  disappearance  of  all  organized  structures  is  brought  about 
by  the  action  of  that  energetic  element,  oxygen.  If  by  any  contrivance 
its  influence  is  prevented  and  its  presraice  avoided,  these  changes  do  not 
take  place.  Putrefaction  and  decay  are  slow  combustions,  true  burnings 
taking  time.  There  equally  arise  from  the  fallen  leaf  and  from  the  de- 
caying body  carbonic  acid,  water,  and  ammonia,  the  self-same  substance? 
dismissed  from  the  economy  during  the  continuance  of  life. 

Processes  of  combustion  and  processes  of  decay  are  therefore  both  due 
to  the  action  of  atmospheric  oxygen  on  the  changing  substance.  They 
differ  chiefly  from  one  another  in  the  relative  rapidity  with  which  they 
are  accomplished. 

The  facts  thus  set  forth  warrant  the  following  statements.  The  mat- 
ters which  a  man  receives  as  food  are  combustible  bodies ;  thpsc  dismissed 
Production  of  from  his  system  have  been  burned.  To  that,  as  to  any  other 
■niinii  heat,  g^jh  burning,  oxygen  gas  is  absolutely  requisite.  There  is, 
therefore,  a  plain  conclusion  before  us,  which,  in  its  far-reaching  conse- 
quences, covers  tlic  whole  science  of  physiology,  and  betrays  to  us  the 
function  which  every  animal  discharges,  viz.,  that  oxidation  is  incessant- 
ly going  on  in  the  interior  of  the  system  through  tlie  agency  of  atmos- 
pheric air  introduced  by  the  process  of  breathing. 

An  animal,  in  this  point  of  view,  is  an  oxidizing  machine,  into  the  in- 
terior of  which  atmospheric  air  is  constantly  introduced^  The  active  con- 
stituent, oxygen,  satisfies  its  chemical  affinities  at  the  expense  of  those 
parts  of  the  system  which  are  wasting  away.  And  as  the  act  of  breath- 
ing, that  is,  the  introduction  of  this  gas,  takes  place  day  and  night,  wak- 
ing and  sleeping,  so  too  must  the  production  of  burned  bodies ;  a  part 
escaping  by  the  lungs,  a  part  by  the  skin,  a  part  in  the  urine.  To  com- 
pensate the  loss  which  ensues,  nearly  1000  pounds  weight  of  combustible 
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matter  most  he  u«i^d  in  iho  voarm  of  a  year,  and,  for  reasons  to  bo  Bxam- 
ined  in  detail  presently,  tiiree  quartcTA  oi'  a  ton  of  water.  But  thig  is  a' 
>Tcry  ditl«rent  conclusiou  to  the  noiJon  of  die  autnent  ph7Biciani^  tUat  anj 
animal  during  it»  life  i»  exempt  from  participating  in  exteinal  changes,.! 
and  in  an  enduring  monument  of  tlw  power  poeaesaed  by  the  vital  fqbce 
of  Rmisting  all  physical  iniluencea. 

But  carbon  by  uniting  with  oxygen  can  not  turn  into  carbonic  acid, 
DOT  can  hydrogen  turn  into  water,  nor  nitrogen  into  ammonia,  without 
heat  being  produced.     The  very  meaning  we  attach  to  the  tvTvn  indicateal 
that  ercry  process  of  burning  is  atten<Led  with  the  liberation  o(  heat. 

In  domestic  economy,  we  protect  ourselves  from  tlie  cold  weatlicr  of 
vintcr,  or  attain  any  high  tem]>eniture  wc  want  by  the  oxidation  of  some 

'  the  forms  of  carbon,  such  as  wood  or  coal,  in  fiie-ploccs  or  stoves. 
know  that  for  the  proJuction  of  a  given  quaAtitv  of  lieat  a  gireu 
■Wrigbt  o(  conibuijtiblo  matter  and  of  air  ia  requiiec).  and  ihat  by  omploy- 
ing  TariouB  meelianical  contrivancca  for  increasing  lltu  draught  we  can  ae- 
oedcxmte  the  burning. 

Horecn-er,  if  in  unr  laWratortcs  wo  require  tlie  very  highest  teropera- 
tnrti  that  can  be  arliticially  obtuinedf  we  resort  to  tiic  burning  of  hydxo- 
gea>  There  are  iTislruinents,  sueli  as  tlie  compound  blow-pipe^  construet- 
od  on  this  principle.  In  tlie  Hnme  wliicb  arises  in  tliis  combustion  the 
SKMt  refractory  aubatanoea  melt  or  are  deHagratcd. 

But  it  may  W  »a'u]  timt  though  when  a  substance  is  rapidly  oxid-1 
King  it  muat  be  evolving  bent-,  there  is  j^erhaps  a  slower  Proftmiionof 
kind  of  combination*  in  which  the  particles  uuite  without  any  ft^'ljn  ^n]^ 
ditftnrbaneo  of  temperature.     Wliat  proof  could  I;e  offered,  for  «J«v. 
example,  that  a  mouldering  leaf  in  disengaging  heat  ? 

in  answer  to  thia  it  is  not  necessary  to  bring  tbrword  're&ied  or  direct 
egpcriincota.  Kvcr>'  leaf  when  it  monldcra  ia  lilcially  burning  away. 
Tbe  extrication  of  warmth  bc^ns  even  when  it  ia  rcaily  to  tail.  What 
does  tlte  &rmcr  expect  in  making  his  hay.  if  he  puta  tlie  graas  up  in  too 
moiat  a  atale,  or  in  too  laige  a  maas  t  Tlie  tem{)erature  docs  not  stop  at 
the  stage  of  bitominoua  fermentation,  but  the  stack  most  probably  takes 
firei.  Oi'  coarse  what  is  going  on  in  the  whol^  mass  is  going  on  in  each ' 
nparate  leaf,  nn distinguishable,  it  la  true,  in  the  latter  case,  because  the 
hmt  ei  a  single  decaying  loaf,  taken  alone,  may  be  carried  off  1^  the  cdd 
aonomiding  air,  or  by  the  contact  of  good  conducting  bodica*  and  so  bi> 
loiit  io  examination. 

From  agricultural  operationi  wc  may  olao  learn  that  what  holds  good 
for  vegetable  bodies  is  true  for  animal  substances.  Ilcaps  of  manure  or 
</  ofiU  of  any  kind,  if  due  aocesa  of  air  he  given,  exhibit  the  extrication 
of  eufaoaic  add,  ateam.  and  ammonia,  and  tlie  temperature  promptly  rises. 
Tbe  gardener  avails  himself  of  this  laci.     He  uava  tlie  heat,  as  it  ia  slowly 
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set  free  by  the  pntrefaction  of  manure  in  his  forcing  frames^  to  bring  foitii 
plants  in  the  early  spring.  There  is  no  kind  of  decay,  or  putrefaction,  or 
oxidation  of  organic  matters,  howerer  slow  it  may  be,  that  is  not  marked 
by  the  producticai  of  warmth. 

Man,  in  a  state  of  health,  maintains  a  nearly  uniform  temperatore. 
Hemtofmui:  Neglecting  slight  variations,  to  be  hereafter  critically  exam- 
itacADM.  ined,  it  is  98  de^p^ees.  For  the  most  part,  it  is  immaterial 
in  what  climate  of  the  earth  he  may  resi^  whether  in  the  cold  polar  re- 
gions or  the  hot  tropic ;  he  is  so  constituted  that,  eitho*  through  the  pro- 
visions of  his  own  oi^;anization,  or  by  resorting  to  the  adventitious  aid  of 
clothing,  or  to  special  articles  of  food,  he  can  maintain  himself  at  about 
the  same  d^ree ;  and  as  all  this  heat  arises  from  interstitial  oxidation 
continually  taking  place,  it  is  obvious  that  within  certain  limits  he  has 
control  over  it.  Thus,  in  the  winter  he  sometimes  resorts  to  violent  mus- 
cular action  in  order  to  increase  the  rapidity  of  respiration  and  the  de- 
struction of  muscular  tissue ;  for  the  greater  the  quantity  of  six  intro- 
duced in  a  given  period  of  time,  the  higher  the  temperature  rises,  just 
as  when  we  close  the  door  of  a  stove,  or  place  a  blower  on  an  anthracite 
fire,  an  increased  draught  is  occasioned  and  the  quantity  of  heat  is  in- 
creased. To  breathe  with  rapidity  and  depth  is  certain  to  raise  the  tem- 
perature. 

On  the  contrary,  in  summer,  when  the  heat  is  oppressive,  we  instinct- 
ively abstain  from,  muscular  exertion,  tranquil  and  slow  respiration  goes 
on,  and  the  temperature  is  kept  down.  Again,  there  are  means  of  occa- 
sioning an  increased  liberation  of  heat  by  changing  the  nature  of  the  food 
and  using  highly  combustible  material,  such  as  the  various  kinds  of  alco- 
holic preparations.  The  chemical  constitution  of  alcohol  is  such  that  in 
the  act  of  burning  carbonic  acid  and  water  are  produced  with  the  libera- 
tion of  so  much  heat  that  chemists  find  it  one  of  the  most  suitable  means 
of  attaining  a  high  temperature.  On  taking  preparations  of  this  substance, 
such  as  distilled  liquors  or  wines,  the  first  effect  is  the  production  of  a 
genial  warmth  all  over  the  body,  intoxication  eventually  coming  on  as  a 
secondary  result. 

These  remarks  are  not  limited  in  their  application  to  our  own  species, 
the  whole  animal  world  furnishes  us  with  commentaries  on  their  truth. 
Han  maintaining  a  temperature,  as  has  been  said,  of  about  98  degrees, 
other  animals  are  at  other  degrees,  some  being  cold-blooded  and  some  hot. 
The  particular  point  they  reach  depends,  as  direct  observation  shows,  on 
the  quantity  of  oxygen  they  consume,  or,  in  other  words,  on  their  respira- 
tion. Birds,  whose  breathing  mechanism  is  by  far  the  most  elaborate 
and  extensively  developed,  have  by  far  the  highest  temperature.  The 
snake  or  the  tortoise,  whose  rate  of  rrapiration  is  very  slow,  and  whicli 
consume  but  little  oxygen,  have  a  correspondingly  low  d^;ree  of  heat. 
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And  in  those  creatiirra  which  at  one  perioi]  of  tlip  year  aw  in  full  a<^tiviiy, 
bat  at  anothrar  lie  dormant  or  hibernate,  as  they  begin  to  respire  more 
•lowly  lljcir  temperature  begins  to  decline,  and  when  they  have  sunk  into 
thrir  winter's  sleep  their  brenihing  is  scarcely  perceptible,  and  tlieir 
wmrrntb  acarcely  above  that  of  the  aurroundmg  atr. 

In  what  has  been  tbus  hi  Nkid  we  have  been  constdering  those  oper- 

atmis  of  the  gyatcm  which  tend  to  the  production  of  beat,  Caumormii- 

(■nd  the  raaintcnanco  of  the  whole  mas«  of  the  body  at  a  tera-  '"g  *>'<*»•  My. 

itum  above  tliat  of  the  surrounding  air.     But  it  m  obvioufl  tliat  pK>- 

riftion  most  be  made  to  pre%'cnt  any  nndoe  rise,  so  tliat  bctwaui  ihoae 

ises  of  elevation  and  these  of  depre^tsion  a  dnc  cqnitibrinm  may  lie  main- 

If  a  veri'  large  ([uantity  of  eombuslihie  matter,  under  the  form  of 

foocl,  and  about  an  equal  weight  of  oxygen,  are  iiocos»ar»*  for  obtaining  a 

[proper  heat,  we  shoiJd  also  recollect  that  nearly  three  quarters  of  a  ton  of 

fcter  are  conj<umcd  each  vcar.     The  duty  which  tliia  water  ., 

wo  may  ncjtl  coimider. 
That  duty  is  twofold.  Ist.  The  removal  of  Bolid  nmteiial  in  n  state 
,  of  solution  ;  an<l,  2d.  The  production  of  cold  by  evapuralion.  It  in  the 
agency  which  ia  of  most  interest  to  its  in  our  jmiacnt  inquiry,  but 
few  fvmarks  as  i^arda  the  removal  of  solid  matter  may  not  here  be 
Faiisplaoe<d. 

lat.  Water,  then,  exerts  its  solvent  power  for  tlie  removal  of  all  those 

»ub:«(:ujc«9  which,  arising  iiioesatuitly  in  the  auiiual  system,  can  ittimivfrnt 

no!  usDumc  cither  the  vaporous  or  guiwous  Ktate.      In  this  con-  P"*^' 

ilition  are  the  different  sahuo  bodies,  such  as  the  sulpliatcH  wlucti  are  com- 

from  the  destruction  of  the  muscoJar  tissues,  a^  volutitar)'  and  invol- 

Funtary  motions  arc  iMrformed ;  or  the  phosphates  wliich  are  produced  by 

the  de^tnicliou  of  cerebral  and  nervous  mutter.     In  the  same  oonditicm 

kfftand  DMrlv  all  the  nitrogenir/^I  n>ftnlta  of  the  destmction  of  tlie  Mtft 

puta.  and  which  arc  to  a  great  extent  to  he  removed  as  nroa.     Water  dis- 

Mlniig  with  more  or  less  fiicility  these  various  bodies  permits  their  escape 

■ftotn  the  tiystcm  by  the  ftecreting  action  of  the  kidne;_vs,  which,  strain- 

jilpg  or  ttllcring  them  trom  the  blood,  diauuss  thera  to  the  bladder,  from 

[which  they  are  periodically  removed. 

The  akin  is  no  inefficient  auxiliary  to  tlie  kidneya  in  elTccting  this  re- 

rnonil  of  water  cliargcd  with  wdublo  matters.     All  over  its  surface  are 

■fecoltcpctl  in  profusion  tlie  ducts  of  the  perspiratory  glimds,  whirh  consist 

i>f  a  convoluted  tnbing  abundantly  supplied  with  blood-vesftels.     The  final 

.mode  of  action  of  these  glands  depends  on  extraneoua  circtunstances. 

commonly  the  fluid  is  carried  aw,iy  under  the  form  of  a  %'apor  or  in- 

liblo  perspiration,  but  when  the  accretion  goes  on  more  rapidly,  or  the 

-point  of  the  sorroiinding  air  is  high,  it  then  accumulatee  aa  drops  of 

The  azaount  of  water  thus  removed,  even  by  insensible  pcrspir»- 
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tion«  is  greater  than  might  be  suppoeed,  yet  it  corref^nds  with  the  ex- 
tent of  the  proTiaion.  The  length  of  the  water-secretiiig  tubing  in  the 
skin  of  a  man  is  about  twentf-eight  miles. 

Thus  by  the  action  of  the  kidneys  and  the  skin  large  quantities  of  cra- 
ter are  dismissed,  either  under  the  liquid  or  vaporous  form.  A  third  or- 
gan is  concerned  in  this  important  duty.  It  is  the  lungs.  These,  how- 
ever, are  limited  in  their  operation  to  its  exhalation  as  vapor  or  steam. 
That  water  abundantly  escapes  irom  them  is  plainly  shown  when  the  days 
are  cold,  the  moisture  as  it  comes  from  the  respiratory  passages  condens- 
ii^  into  a  visible  doud  when  it  encounters  the  ur.  It  is  estimated  that 
the  loss  of  water  by  the  skin  and  lungs  conjointly  is  about  18  grains  in 
a  minute,  of  which  11  pass  off  from  the  skin  and  7  from  the  lungs.  Mak- 
ing due  allowance  for  the  variable  action  <^  the  skin  as  dependent  on  the 
dew-point  and  other  such  causes,  we  can  scarcely  set  down  the  entire 
quantity  at  less  than  1000  pounds  a  year.  In  the  same  period  the  quan- 
tity of  water  lost  as  urine  may  be  taken  at  900  pounds.  It  may  perhaps 
be  remarked,  that  here  we  are  assuming  a  loss  of  1900  pounds,  when  the 
quantity  of  water  annually  taken  is  only  1500  pounds.  But  it  is  to  be 
recollected  that  not  only  does  water  form  a  very  prominent  constituent  of 
the  solid  food,  whether  v^etable  or  aninud,  but  also  that  much  arises 
from  the  oxidation  of  hydrogen  in  the  interior  of  the  system. 

2d.  Water  also  exerts  a  cooling  influence,  arising  from  its  evapara- 
CooUng  iDflu-  tion  from  the  surface  of  the  skin  and  the  cells  of  the  lungs. 
enceofwftter.  ^jjg  difference  between  water  in  the  state  of  an  invisible  va- 
por and  in  the  liquid  condition  consists  in  this,  that  the  vapot  contuns 
1114  d^reea  of  heat  which  the  liquid  does  not.  When,  therefore,  it 
evaporates  from  a  surtece  of  any  kind,  as  from  the  skin,  it  obtains  there- 
from that  large  amount  of  latent  heat,  and  so  tends  to  cause  the  tempera- 
ture to  decline.  Not  that  this  is  the  only  cooling  agency  at  work.  Ra- 
diation might  also  be  mentioned ;  for,  just  as  a  warm  inorganic  body  cooIb 
by  the  escape  of  radiant  heat  from  it,  so  too  does  a  living  being. 

These  considerations  explain  how  an  equilibrium  of  temperature  is  es- 
BqaiUbriiim  of  tablishcd.  By  the  process  of  respiration  there  is  a  constant 
but  in  mui.  tendency  to  increase  the  heat ;  but  by  evaporation  of  water, 
radiation,  and  other  cooling  causes,  there  is  a  constant  tend^icy  to  dimin- 
ish it  A  balance  is  struck  between  the  two  processes,  and  in  man  a 
temperature  of  98  d^reea  is  kept  up. 

This  average  temperature  is,  however,  easily  departed  from.  Through 
some  trivial  cause  the  coolii^  agencies  may  be  interfered  with,  and  then, 
the  heating  processes  gettmg  the  superiority,  a  high  temperature  or  fe- 
vet  comes  on.  Or  the  reverse  may  ensue.  In  Asiatic  cholera,  the  con- 
stitution of  the  blood  is  so  changed  that  its  cells  can  no  longer  cany  ox- 
ygen into  the  ^atem,  the  heat-making  processes  are  put  a  stop  to,  and. 
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Uie  lexnperatoTA  ilcclining,  the  bod^  tecoioes  of  a  marble  coldness  cliarac- 
tcriBtic  of  that  terrible  disease 

Tbo  auiniuJ  tnecluuiii^in  in  thus  the  fomiB  of  intense  cltomical  oliangea*' 
and  gnsat  qiianhtics  of  material  are  requited  in  vcfy  brief  N«ce«iiyorr^ 
•pMM  of  time  for  ita  support.     AVo  hftre  scfu  what  j«  the  {IJ'^'^i^^^'*'^ 
nae  of  the  combustible  matter  employed  as  food,  what  of  the  wmim. 
vatrr.  wlini  of  the  air.  how,  these  reacting  on  one  another,  a  high  but  rep- 
ularrd  irmprriittin'  in  kept  up. 

^lucli  of  ulial  luitt  becii  thus  far  said  has  had  reference  ouly  to  the  do- 
strtiction  of  tissues.  TIuh  waste  of  matter  arises  for  a  double  reason, 
partly  to  give  ongiu  to  the  heat  which  animals  require,  and  ]>artly  as  ■ 
oooacqucDce  of  intellvutual  acti^nty  and  niUBadar  motion ;  for  no  moi 
namt  can  be  made  without  a  destruction  of  muscuiar  fibre,  and  all  mental 
aad  aervoiu  actions  imply  the  waste  of  a  ceriain  quantity  of  vesicular 
Bobatanoo.  Far  tliis  tranon,  after  on  animal  ha<i  undergone  violent  mus- 
ettlnr  exorciac,  the  qnantity  of  urea  and  snlphuric  acid  in  tlie  urino  ht  in- 
OcasMi.  tbiA  bHn^  tltc  duinncl  ihroucj^h  which  tho^  rcsnlts  of  tlic  de- 
ctmction  of  mtu>cular  librc  arc  removed ;  or,  after  ^rcre  mental  or  intcl- 
lectual  doty,  tlierc  is  more  phosphoric  add  than  usual  in  the  tiriue,  be- 
cauae  of  tlie  greater  oxidation  of  phosphonu  which  has  taken  place  ia 
tbe  brain. 

But  of  cotURc  this  destruction  of  tifsuo  must  bo  com]Kiisatod  by  a  ro- 
pair  if  a  normal  condition  and  health  arc  preseT\-ed.  The  aciion  of  the  air 
ia  not  dinvtJy  uptm  the  fooil,  tor  intermediately  and  temporarily  the  food 
b  concerted  into  the  linng  mochaniam.  The  dead  material  is  awakened 
tnlo  life,  and  for  a  time,  though  otUy  for  a  time,  bocomca  a  portion  of  the 
li^-tng  and  feeling  mass. 

Tbe  fooctioiLB  and  actions  we  have  been  considering  imjily  the  pr 
I  ot'many  complicaied  mechanisms.    There  must  be  means  Various  mrtb. 

■  rnWrting  tlio  iiitreduction  of  tlie  air ;  these,  in  man,  depend  xtUni*  whiIimI. 
oa  calliug  into  operation  its  presi^ure*     A  system  of  luhca  is  ^^"^  f„ 
NBOwary  for  ita  dialnbation  to  tlie  points  at  which  it  is  ro-  nvmu. 
qund.  and  in  like  manner  a  system  is  required  for  carrying  away 
waeted  products  of  decay.     The  new  matexial  ivhicJi  is  destined  to 
place  tbe  prats  which  arc  thns  di»ap|tearing,  and  to  keep  the  economy  in 
repair,  must  be  submitted  to  such  processes  of  mechanical  and  chemical 
preparation  tliat  it  may  be  dissolved  in  the  blood,  and  carried  wlierever  it 
it  wanted.     It  must  therefore  he  cut  and  crushed  by  teeth  driTen  by  pow- 
•rfal  nmsdes,  dissolred  by  acid  and  alkaline  juices  in  digestive  cavities 
bM  apart  fiir  that  purpose.     From  these  it  must  be  taken  by  arrange- 
iDcals  which  can  absorb  it  and  carry  it  into  the  torrent  of  the  circulation. 
Pt^vical  means  must  be  resorted  to.  not  rtnly  for  the  impnlRJon  of 
Bewty^hwHrfaed  nutritive  juices,  bai  likewise  to  drive  the  blood  in 
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proper  career  of  drcnlation.  It  is  needless  here  to  dwell  on  the  manner 
in  which  the  most  refined  principles  of  hydranlics  are  hronght  into  pUy, 
or  to  speak  of  the  manner  in  which  forces  of  compression  and  elasticity- 
are  introduced ;  how  that  there  are  valves  which  open  only  in  one  way 
to  let  the  current  pass,  or  how  some  of  these,  as  in  the  like  human  con- 
trivances, are  tied  down  in  their  action  by  cords.  Moreover,  since  it  i» 
required  that  the  animal  shall  go  in  search  of  its  food,  muscles  of  loco- 
motion, which  act  upon  purely  mechanical  principles  on  the  bony  skele- 
ton, must  be  resorted  to,  and  ao  the  animal  structure  becomes  a  most 
elaborate  and  complicated  machine. 

In  this  regard  the  human  body  may  be  spoken  of  as  a  mere  instrument 
PhyBical  m-  Or  engine,  which  acts  in  accordance  with  the  principles  of  me- 
pectof  mu.  chanical  and  chemical  philosophy,  the  bones  being  levers,  the 
Wood-vessels  hydraulic  tubes,  the  soft  parts  generally  the  seats  of  oxida^ 
tion.  But  if  we  limit  our  view  to  snch  a  description,  it  presents  to  ns 
man  in  a  most  incomplete  and  unworthy  aspect.  There  animates  this 
machine  a  self-conscious  and  immortal  principle — the  souL 

Though  in  the  most  enla]^;ed  acceptation  it  would  fall  under  the  prov- 
The  wai  ■  its  ™^  °^  physiology  to  treat  of  this  immortal  principle,  and  to 
utnre  «nd  ro-  consider  its  powera  and  responsibilities,  these  constitute  a 
'**°*'  "***  subject  at  once  so  boundless  and  so  important,  that  the  phys- 
iologist is  constrained  to  surrender  it  to  the  psychologist  and  theologian, 
and  the  more  so  since  the  proper  and  profitable  treatment  of  it  becomes 
inseparably  involved  with  things  that  lie  outside  of  his  domain. 

Yet  under  these  circumstances,  considering  the  ever-increasing  control 
which  scientific  truth  exerts  over  the  masses  of  men,  considering  too  how 
much  the  welfare  of  tlie  human  family  depends  on  the  precision  and 
soundness  of  its  religious  views,  it  is  the  duty  of  the  physiologist,  if  for 
the  reasons  that  have  been  specified  he  yields  this  great  subject  to  others, 
to  leave  no  ambiguity  in  the  expression  of  the  conclusion  to  which  his 
own  science  brings  him.  Especially  is  it  for  him,  whenever  the  oppor- 
tunity offers,  to  assert  and  to  uphold  the  doctrine  of  the  oneness,  the  im- 
mortality, the  accountability  of  the  soul,  and  to  enforce  those  paramount 
truths  with  whatever  evidence  the  structure  of  the  body  can  furnish. 

For  this  reason,  he  can  not  recall  but  with  regret  the  existing  use  of 
many  terras,  such  as  mind,  intellect,  vital  principle,  spirit,  which,  though 
they  were  at  first  doubtless  employed  as  expressions  of  the  functions  or 
qualities  of  the  soul,  have  in  the  coarse  of  time  gathered  other  meanings 
and  confused  the  popular  ideas.  They  have  brought  about  a  condition 
of  things  in  science  not  unlike  that  which  prevailed  in  theology  during 
the  reign  of  polytheism.  Constrtuned,  perhaps,  himself  by  the  necessities 
of  language  to  use  such  phraseology,  it  is  for  him  at  the  outset  to  leave 
no  doubt  of  the  views  he  entertains,  and,  as  far  as  he  can,  prevent  snch 
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iMons  from  fritteruig  avray  the  great  tniih  timt,  a»  there  is  bnt  one 
in  the  universe,  «o  tlivrc  is  but  one  spirit  in  man. 

On  one  of  thcst-:  tenn.%  the  vital  |iriiiui|jlc,  I  may  ntako  a  few  remarks. 
•inoBi  rmm  being  a  mcTe  expr(^>-seion  of  convenience,  it  had  by  ile-  TUvfu) 
gven  risen  among  physiciana  and  physlologiBts  to  the  mnk  of  i*>'»npl*' 
deaigiiaring  on  existiug  agent,  by  some  reganled  aa  of  the  some  kind  as 
light,  heat,  electricity,  or  gravitation — nny,  even  aupcrior  to  them,  ittncc  it 
iiliar  ftttribute  to  liold  them  all  in  eheck.  Animated  bv*  tfiiin  cx- 
ftr-  ry  power,  organic  substances  are  8up(K>sed  to  witlistand  every 

ectcmal  iuHucnoe,  and  lo  submit  to  physical  agents  oidy  after  this  prin- 
ciplc  bii5  left  them.  Such  a  pn;pu8terous  doctrine  will  not  bear  the 
toacii  of  exact  science  for  a  nioniciil.  It  is  only  a  relic  of  the  old  nieta- 
phyfiicAl  system  of  philosophizing,  which  accepted  a  name  in  lieu  of  an 
explanation,  which  prnferred  the  dogma  of  the  liorror  of  a  vacunm  to  the 
nan  simptc  bnt  material  view  of  the  pressure  of  the  air.  By  the  aid  of 
this  imflginary  principle,  complete  phyrtiolt^eal  systems  have  been  wov- 
en, in  whicli  evrrv  .Id  and  every  eon<lition  of  the  animal  economy  is  spon- 
tancmudy  expl;)ino<l,  and  nothing  remains  for  solution.  Bnt  by  the  stn- 
denl  of  nature,  whose  mind  has  been  trained  in  positive  science^  the  im- 
poctare  is  det«ctoi).  Ue  sees  at  a  glance  that  this  is  not  the  style  of  the 
Qraat  ArtisL  The  problems  of  organization  are  not  to  be  solved  by  em- 
pmcal  schtunoB;  they  require  the  patient  application  of  all  iniponanceor 
llw  aids  that  can  1«^  fnrnished  by  all  other  Inmnchcs  of  hu-  Jn^'i^pJ^ 
BMui  knowledge,  and  even  thcJi  llic  solution  coincH  tanlily.  vIokt- 
Yet  there  is  no  cautie  for  ns  to  adopt  those  quick  but  visionary  specula^ 
tions,  or  to  dcspnir  of  giving  the  true  explanation  of  all  physiological 
&cU,  Since  it  is  given  us  to  know  oar  own  existence,  and  be  eonsciona 
of  oar  own  individiiaUly,  wc  may  n»t  assured  that  wo  have  what  is  ii 
reality  a  far  less  wonderful  power,  the  capacity  of  comprehending  all  the 
conditions  of  our  life.  <io<l  has  framed  our  understaodii^  to  gcusp  all 
thiaM:  tilings.  For  my  own  port,  I  bavo  no  sympathy  with  tliofie  who 
of  this  or  tliat  physiological  problem,  it  Is  alwve  our  reason.     My 

tb  in  the  power  of  the  intellect  of  man  is  profound.  Far  from  auppos- 
iag  that  tliere  are  many  things  in  the  structure  and  functions  of  the  body 
which  wo  can  never  comprehend,  1  brJievc  there  is  nothing  in  it  that  wc 
ihall  not  at  hist  explain.  Then,  and  not  till  then,  will  man  be  a  })crfcct 
DMNiuinfut  of  tlie  wiitdom  and  power  of  his  Maker,  a  created  being  know* 
ing  his  own  existence,  and  capable  of  explaining  it.  In  the  aj^lication 
of  exact  science  to  phystol(^',  I  look  for  tlie  rise  of  that  great  and  noble 
pCBCtioe  of  rocxlicine  whidi,  in  a  future  age,  will  rival  in  procisi'ni  (lie  me- 
*^n*''*l  engincvring  of  iny  times.  In  it,  too,  arc  my  hopes  of  the  final 
extinccioa  of  empirictt^m.  Kven  now  thiri  method  is  attended  with  reitulta 
vfatcb  most  commend  it  lo  every  thoughtful  mind,  since  it  is  connectiiig 
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itself  with  those  great  trutha  which  concern  the  human  fiunilj  moBt 
closely,  and  is  bringing  into  the  region  of  physical  demonattation  the  ex- 
istence and  intmortality  of  the  soul  of  man,  and  furnishing  conspicuous 
illastrations  of  the  attributes  of  Ood. 


CHAPTER  n. 

OV  FOOD. 

The  Mitvai  S^Adivisunu  of  Phenology. — Of  Food:  it»  Sonnet  md  0aMtifieatiim — iu  Fofae  nat 
tdloytther  dependent  on  trt  Compontion. — Qf  Miik:  ilt  (^mporilton,  attd  Uie  of  it*  Water, 
Catem,  Sngar,  Butter,  and  SalU. —  Variatione  in  the  Oompoaition  of  MiBe. — Of  Bread. — Of 
mixed  Diete.'—Of  the  enthrymtic  Food  of  ^rda. — Nutrition  qf  oarmtoromM  and  herhbmvm 
Antmait. — Food  formed  bg  PlanU  and  deetroyod  by  Ammab. — Ueet  of  mixed  Food  a^  Oooh- 
ing. — Abeohile  Amount  of  Food. 

Fhtsiologt  possesses  a  very  great  adrantage  over  many  other  scieneeB 
SttbdiTisioiuof  "1  otiforing  its  leading  problems  and  doctrines  in  a  certain 
phyiioiogy.  well-marked  order  or  sequence,  a  connected  whole,  with  only 
here  and  there  points  of  digressionf  but  those  points  often  of  very  striking 
interest.  Thus  pursuing  the  train  of  rejections  entered  on  in  the  pre~ 
ceding  chapter,  we  should  hare  to  consider  the  nature  of  the  food,  the 
manner  of  its  preparation  by  the  process  of  digestion,  the  mechanism  by 
which  it  is  taken  up  from  the  cavities  in  which  it  has  been  so  prepared, 
and  that  by  which  it  is  distributed  to  every  part.  We  should  have  to 
show  the  way  in  which  it  becomes  incorporated  as  a  portion  of  the  livmg 
mass,  its  duration  in  that  condition,  and  the  manner  of  its  decay.  We 
should  have  to  show  by  what  physical  means  and  through  what  mecha^ 
nism  the  air  is  introduced  to  effect  the  destruction  of  the  dying  parts,  and 
how,  as  the  consequence  of  this,  a  fixed  temperature  is  maintained.  The 
causes  which  lead  to  variations  of  this  temperature,  and  the  manner  in 
which  the  wasted  products  are  removed  by  the  skin,  the  longs,  the  kid- 
neys, might  next  obtain  our  attention.  The  complicated  machinery  nec- 
essary to  accomplish  all  these  purposes  requires  to  be  made  to  act  in  nni- 
Bon  in  all  its  different  parts,  a  condition  which  introduces  to  us  the  nerv- 
ous system.  A  consideration  of  the  stracture  and  gradual  development 
(rf'.thia  system  leads  to  the  structure  of  the  various  organs  of  sense,  and 
to  the  operations  of  the  intellectual  principle  itselt  Thus  in  succession 
we  should  have  to  treat  of  digestion,  absorption,  circulation,  respiration, 
secretion,  nutrition,  and  innervation,  and  to  close  the  whole  with  the  con- 
sideration of  reproduction.  This  is  the  order  which  I  propose  to  follow, 
and  shall  devote  this  chapter  to  the  nature  and  qualities  of  the  food. 
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The  BQppir  of  food  to  animals  requires  a  more  con)])licatod  proviaion 
tbku  it  do(w  to  plant*,  in  wliich  the  ciaborating  oi^ans,  the  sonitworrood 
Wrto.  preaentiiig  llienuielvcs  eupcrticialty,  arc  alwayti  in  tMmaimai»»Mi 
rvttiwri  with  the  air,  £ram  wliich  much  of  their  imtrition  is  ''  *"  ' 
dovwd.  Anil  as  one  portion  after  another  becomes  exhausted,  it  is  r&- 
nmred  br  simpli;  ina'-haiiicjil  agoucii;?.  gucli  us  the  txeuibliug  of  tlte  leaf, 
tSm  warmtji  of  the  enii,  or  the  windn. 

FoD<l.  therefore,  comes  sponliincouHly  to  plants,  wluch  need  no  powers 
of  locomotion.  And  thoagh,  a^  we  shall  hereaftiT  find,  muncular  move- 
mmt  TDquiiTft  as  its  essential  condition  the  wnete  of  tissoe,  it  is  not  neo- 
eaiarT  for  thrir  nulritirm  that  plants  should  destroy  organized  suhstancc. 
But  on  animal  tnu»t  scrk  il:i  fooil,  aiid  tor  this  purpose  ia  endowed  with 
locomotion,  involving  the  dcj«tniction  of  tisjtuc.  In  a  diemical  point  of 
Tiair,  plants  are  organixin^,  and  ajiimaU  destroying  machines.  Nor  is 
llus  genaral  assertion  controverted  hy  the  apparent  cxcoptione  wliiuh  aro 
here  Mid  there  presented,  as,  for  example,  that  iho  herbivora  con  form 
■^■r  and  fut  from  food  in  which  thcs«  substances  did  not  preexist,  and 
the  salts  of  the  biliary  acids,  wliich  are  never  found  in  plants. 

To  obtain  lor  untmuls  the  necessary  supply  of  nutriment,  the  resources 
'nattiri'.  are  displayed  in  the  most  wondertnl  contrivances.     .'Vccording 

their  modes  of  life  may  be,  one  takes  its  food  witli  its  teeth,  another 
wHli  ita  Irps,  another  with  its  fore  member,  another  winds  around  it  its 
vhole  body.  The  geometrical  spider  weaves  a  net,  and  lies  in  wait  for 
Ua  prey;  the  ant  lion  digs  a  pit  in  the  sand.  tSouie  rely  ujion  labor, 
•OBM  npoo  force,  some  upon  fraud.     Man  depends  upon  all. 

Viewed  as  regards  its  physiological  distinction,  the  food  is  generally 
ooniideredasoftwokindB:  liistogenetic  or  tissue-making,  and  ciiMiAcaUoo 
Otlori&ci«nt  or  heat-making,  iiistogcnetic  food  funiislics  the  '^  ^^'^  ^"> 
dwnical  substances — carbon,  hydrogen,  oxygen,  nitrogen,  sul-  ami  cftjanb. 
pbur.  dUorine,  phosphorus,  iron,  potash,  eoda,  lime,  &c.  C»-  "'"'• 
lodiaeieot  food  fumiahes  carbon  and  hydrogen  mainly.  In  consetjuenco 
of  this  chemical  constitution,  tissue-raokuig  food  is  aomctimcs  called  ni- 
tngenisiHl,  and  heat-making  non-nitrogen ixcd  food.  The  former  is  also 
MOWIiiuea  designated  nutritive,  and  tho  latter  respiratory. 

It  ia,  however,  to  be  distinctly  understood  that  these  divisions  arc  only 
adopted  for  the  sake  of  convenience,  and  that  they  have  no  natural  foun- 
datiou.  I'huA  it  will  be  found,  when  we  examine  tlie  functions  which 
the  liils  diacliai^  that  though  they  are  non-nttrogenized  bodies,  and  are, 
ihondoic  considered  as  belonging  to  the  class  of  respiratory  food,  there 
it  way  reason  to  believe  that  they  are  essutitially  necessary  to  tissue 
development,  and  that  the  melainorphoses  of  nitrogenized  bodies  can 
okI^  go  on  in  their  presence.     They  ore,  therefore,  as  truly  essential  to 

Itntion  as  are  the  latter  substances. 
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So,  too,  as  respects  the  albnmenoid  bodies,  of  which  it  would  be  incor- 
rect to  speak  as  though  they  were  limited  to  nutrition.  In  their  decay 
or  descending  metamorphosis  in  the  organism,  they  give  rise  to  the  evo- 
lution of  heat,  and  are  at  last  dismissed  under  the  aspect  of  products  of 
oxidation.  They  are,  therefore,  as  far  as  this  goes,  as  much  respiratcuy 
food  as  are  the  fats  themselvra. 

Other  ciu^iit-  Perhaps  the  most  convenient  subdivision  of  food  articles 
c»tw«Boffood.  jg  presented  in  the  four  following  groups: 

1st.  Carbohydrates,  or  compounds  in  which  carbon  is  united,  with 
hydrogen  and  oxygen,  their  proportion  being  that  for  forming  water. 
Starch,  sugar,  gum,  cellulose,  are  examples. 

2d.  Hydrocarbons.  Compounds  containing  unoxidized  hydrogen. 
The  oils,  fats,  and  alcohol,  are  examples. 

3d.  Albumenoid  bodies.  These  contain  nitrogen.  Albumen,  fibiin, 
casein,  are  examples. 

4th.  Salts.  Any  classification  of  food  articles  which  does  not  con- 
tain this  group  is  imperfect ;  for  salts  are  not  only  absolutely  essential 
to  organic  processes,  but  also  to  the  construction  of  many  tissues.  As 
an  example  of  the  former  case,  the  chloride  of  sodium  may  be  mentioned; 
and  of  the  latter,  the  phosphate  of  lime. 

It  has  been  supposed  that  the  tissue-making  power  of  any  kind  of 
Taluooffood  ^00^  depends  on  the  quantity  of  nitrogen  it  contains,  and 
does  not  de-      ^jg^  {(g  yaluc  may  therefore  be  determined  by  chemical  anal- 

pendwbollj-on        .  tt  i-  -      ■    i  ii        i  i 

iucompoai-  ysis.  Upon  this  pnnciple  tables  hare  been  constructed, 
***"•  showing  the  agricultural  worth  of  different  articles  of  forage 

for  domestic  animals.  But,  as  will  be  found  hereafter,  when  we  consider 
the  physiolo^cal  effect  of  the  allotropism  of  bodies,  these  tables  are  not  of 
the  use  supposed.  Without  entering  into  details  at  present,  the  case  of 
gelatin  may  be  taken  as  an  example ;  this,  though  a  substance  abounding 
in  nitrogen,  possesses  no  tissue-making  value,  but  in  reality  belongs  to  the 
calorifacient  class,  and  therefore  its  administration  in  the  sick-room,  under 
the  various  well-known  forms  of  jellies,  soups,  etc.,  is  altogether  deceptive 
as  regards  any  nutritive  power,  since  it  undergoes  speedy  oxidation  in 
the  system,  and  the  products  of  its  change  escape  by  the  kidneys  and  the 
lungs.  The  value  of  food  is  not  only  dependent  on  the  occurrence  of 
certain  chemical  elements;  they  must  also  be  present  in  certain  allotropic 
states. 

The  same  remark  applies  to  the  tables  which  have  been  constructed, 
showing  the  amount  of  caloric  furnished  by  different  varieties  of  heat- 
making  food.  The  qtiantity  of  heat  set  free  during  the  combustion  of  a 
substance  depends  not  only  on  the  nature  of  the  elements  composing  it, 
but  also  on  the  particular  states  in  which  they  occur.  Combustibles  may 
have  the  same  chemical  composition,  but  very  different  heating  power. 


OOMTOSmOH  or  MIT.lt. 

Food  whicb  is  typicftllv  perfect,  is  presented  by  nflturc  to  the  young 
rarions  animals.  In  milk,  or  in  the  cpg,  we  abould  ex-  unkuinani- 
lo  find  wliMtcvcr  is  necessary  for  the  growth  of  the  IJs-  deorfooj:  lu 
soeB,  and  for  the  performance  of  the  runcliouij.  An  exam- 
ination of  milk  trill  therefore  illustrate  tlie  essential  characters  of  the 
dlficRnt  elements  of  food. 

0>aipoirit!<m  tif  UiR: 
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lb  iIuA  wc  notice,  fimt,  the  lai-ge  proportion  of  water  pre.<w;nt,  a1ino.<it 
niue  leuths  of  the  whole  amount.  The  double  duty  of  this  TboTniorgT^ 
water  has  already  iKicn  mentioned,  to  remove  from  the  sys-  ""'^■ 
tern  eflele  suhatances  whieh  are  not  of  a  va[ioroiiH  or  gaseous  form,  and 
which  can  not  escape  through  the  lungs, -and  to  regulate  the  tein{)eraturr 
by  eraporatlon.  Wc  might  have  added  lo  these  that  it  imparts  a  dac 
tlnidity  to  tlie  hlooiL  Tliese  are  conditions  as  noccssflry  to  tlie  infani 
•a  lo  the  adnit,  and  it  should  be  remembered  that  two  thirds  of  thi 
V«i^t  of  the  body  arc  water. 

Next  follows  the  iiitrogeni:ced  principle  casein,  wliich  ia  closely  re- 
in composition  to  muscular  llesh.  It  is  the  tissiie-mak-  Tiie  omui  of 
tag.  hiatogenetic,  or  nutritive  element  of  the  milk,  and  has  been  ""'^ 
elaborated  from  the  albunicnoid  subslancca  of  the  motUcr's  system.  It 
is  to  be  converted  iuto  the  muscular,  gelatinous,  and  othvj  soft  tissues  of 
the  infanL 

Cuein  is  one  of  a  group  designated  as  the  neutral  nitrogeni:!cd  bodies, 
of  which  some  of  the  more  prominent  are  albumen,  fibrin,  N«iar«ofpre. 
and  globulin.  From  an  opinion  (hat  these  all  contain  the  ^"^  i>«iia». 
mmm  cyanic  radical,  tliey  are  often  termed  the  protein  bodies.  They 
appear  to  exist  in  two  different  phvRical  conditions,  soluble  and  insolu- 
ble in  water ;  they  all  contain  sulphur,  and  exhibit  a  proncueas  to  psst^ 
into  iJic  putrfffactivc  fermentation.  As  this  takes  place  when  they  have 
ftadird  a  crrtain  stage  of  decay,  they  act  npon  other  Indies  as  ferments. 
Tbcir  constitution  ia  reprcaented  in  common  by  the  formula 

thff  whole  group,  albumen  may  !« taken  as  the  typo  and  most  import- 
it  member.     Indeed,  a»  will  be  found  hereafter,  in  the  process 
of  digestion  tlie  others  arc  invariably  converted  into  it.     The 
while  of  tfao  <^  and  the  Hcnim  of  ili<^  blood  are  usually  referred  to  as 
examples  of  albumen,  though  they  dilfer  in  several  particulars  Utom  oue 
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another.  Albamen  forms  tjasic,  neutralf  and  acid  compounds.  It  is  a 
basic  albuminate  of  soda  which  is  found  in  the  egg  and  in  serum  of 
blood.  In  certain  diseased  oonditioDS  the  blood  contains  the  neutral  air 
buminate. 

Casein  presents  nearlj  the  same  constitution  as  albumen,  but  di&rs 
from  it  in  its  physical  properties ;  for,  while  a  solution  of  albumen 
is  coagulable  by  heat,  one  of  casein  is  not,  but  lactic  and  acetic 
acids  oiagulate  it,  though  they  have  no  such  effect  on  albumen.  While, 
so  far  as  their  protein  nucleus  is  concerned,  the  two  subsbmces  agree  in 
composition,  they  differ  in  this  respect,  that  casein  appears  to  contain  a 
less  proportion  of  sulphur,  and  no  phosphorus.  It  is  interesting  to  re- 
mark that,  during  incubation,  casein  arises  from  albumen  in  the  eggs  of 
birds. 

Closely  allied  to  albumen  and  casein,  and  having  the  same  protein  nu- 
cleus, is  fibrin,  which  likewise  exists  in  two  states,  soluble  and 
insoluble.  Its  solidification  or  coagulation  can  be  produced  by 
the  action  of  sulphuric  ether,  which  does  not  affect  albumen.  Moreover, 
in  the  coagulated  state  fibrin  'decomposes  the  dentoxide  of  hydrogen, 
but  albumen  does  not.  The  most  important  difieience  between  them  is, 
that  in  the  act  of  coagulation  albumen  shows  no  disposition  to  assume  a 
definite  structure,  but  fibrin  does — fibrillating,  aa  it  is  termed.  The 
analogy  of  constitution  and  closeness  of  relation  of  tlie  two  substances  is 
demonstrated  by  the  fact  that  by  nitrate  of  potash  coagulated  fibrin  may 
be  changed  into  albumen,  and  the  same  conversion  is  accomplished  in  the 
stomach  by  the  digestive  juices. 

It  is  generally  supposed,  however,  that  fibrin  contains  a  larger  pro- 
portion of  oxygen  than  albumen,  a  conclusion  which  seems  to  be  confirm- 
ed by  physiological  considerations  respecting  its  origin.  For  this  reason, 
Mulder  describes  it  as  a  higher  oxide  of  his  hypothetical  protein.  It  al- 
ways is  associated  with  fat,  or,  perhaps  more  correctly,  with  soaps  of 
ammonia  and  lime. 

Fibrin  is  found  in  the  chyle,  lymph,  and  blood.  In  the  latter  fluid 
its  quantity  varies  in  difierent  parts  of  the  circulation.  The  blood  of  the 
portal  vein  yields  it  in  smaller  proportion  than  that  of  the  jugular.  It  is 
also  affected  very  much  by  diet :  thus  Lehmann  found  that  under  an  ani- 
mal diet  there  was  much  more  fibrin  in  his  blood  than  under  a  vegeta- 
ble one,  a  result  which  has  been  confirmed  by  experiments  on  dogs.  It 
has  also  been  observed  that  its  quantity  is  increased  during  starvation. 
But  the  blood  of  herbivorous  animals  contains  more  than  that  of  camivo- 
rous  ones,  and  that  of  birds  contains  the  most  of  aU. 

These  remarks  on  the  composition  and  physical  properties  of  casein, 
albumen,  and  fibrin,  have  been  introduced  for  the  purpose  of  illustrating 
the  facility  with  which  these  bodies  are  mutually  convertible,  and  more 
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rly  for  showing  timt  there  is  notliing  whtttftvcr  mvHteriouB  in 
CMiin  or  curd  of  milk  atising  from  the  albuminous  sc-ruui  ot'  the 
motlier'a  blood,  ami  being  tnmsniuted  into  the  fifana  Btructure  of  the 
uitt&ctihLT  tissues  of  the  infant. 

Ktiturning  now  to  our  examination  of  tho  composition  of  milk*  aa  eel 
ibrtli  in  lite  preceding  tabh%  we  find  tliat  two  respiratory  cl-  tb^nyuod 
it£  arc  next  npon  the  list :   1st.  Sugar  of  milk,  which  ia  '"*"*' "'  ""*^ 

be  converted  into  ladic  acid,  partly  by  the  agency  of  tlie  saliva,  and 
ly  in  intestinal  digestion;  2d.  Butter,  which  is  the  oleaginous  or 
6uty  portion,  and  of  which  a  port  is  to  Iw  deposited  in  tJic  adipose  tift* 
for  a  time  of  need,  and  a  |Mirt,  along  with  the  lactic  acid  and  excea« 

sugar,  ia  to  be  burned  at  once  for  tlie  production  of  heat. 

The  inorganic  body,  plioBphale  of  limu,  ia  necewary  fur  tlic  earthy  por- 
tion oflbc  skeleton,  and  prolubly  the  reason  of  the  introduction  _.      ... 
of  easi-'iu,  to  tiiecxeiusianot  other  protein  compounds,  depends  milk.  p*nini. 
OB  the  paw(9-  it  posacsscs  of  hohhng  phosplmtc  of  lime  in  solu-  '"'^'f  ''^t" 
ttDO*  not  leas  than  6  \v}i  cent,  of  its  weight  of  this  earthy  body  cklotule  arM>' 
bebig  oAcn  oMainitbLe  from  it.     Among  the  other  salts  of        "' 
the  milk,  chloride  of  aodium  may  be  ^minted  out  as  of  special  importanc<^ 
{t  undergoes  decomposition  in  tlie  aystcm  of  the  infant,  its  hydrocliloric 
add  giving  acidity  to  the  ga&tric  juice,  its  soda  eutcriiig  into  the  compo- 
»ilion  of  tlu;  bile  and  various  salivary  secretions.     It  also  imports  soln- 
hilir^  to  albumci),  and,  in  aomc  degree,  regulatee  the  facility  with  which 
tiuu  snbetanu;  congniates.     It  impedes  the  coagulation  of  Hbrin. 

Milk  is  not  a  chemical  compound,  but  a  variable  mixtoio  of  different 
ingredients,  whicli,  under  proper  circumstances,  may  be  scpa-  wnkiiigof 
imted.  When  the  fluid  is  allowed  to  rest  for  some  hours  at  the  '"■»'""■- 
onlinaiy  temperature,  the  fat-globules  rise  to  the  surtace  as  cream,  which, 
rabaitled  to  a  strong  agitation  with  air  in  the  process  of  ekuming,  forms 
batter. 

Tho  casein  of  milk  can  be  readily  coagulated  by  rennet  (which  is  tho 
iBBeoas  membmne  of  the  stomach  of  the  calf)  at  a  temperature  UMnc«t 
of  120^.  If  parted  from  the  residual  wlicy,  mixed  with  a  littlo  '^""^ 
•alt  and  yellow  coloring  matter,  and  subjected  to  the  action  of  a  suitable 
pfasa,  it  is  formed  into  cheese.  No  better  examples  of  the  lissue-mak- 
iog  and  heat-making  elements  of  food  can  be  oifered  than  clieetie  and 
bolter  respectiTely. 

\Vhen  milk  is  cxpO}«d  to  the  air,  its  sngar,  under  the  influence  of  the 
eaaein  or  cuni,  gradually  disappears,  turning  into  lactic  acid,  L«nlr  add  I 
and  the  milk  becomes  bow.  The  composition  of  sngar  and  »*""  '"''*^ 
iKtie  acid  is  sacfa,  that  we  might,  without  much  error,  say  tliat  an  atom 
rffsgar  symmetrically  bisected  will  yield  two  atoma  of  lactic  acid.  This 
eftMl  ta  produced  by  the  casein  commencing  to  pass  into  a  state  of  de- 
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cay  under  the  influence  of  the  atmospheric  air.  It  is  likewise  produced 
during  digestion  by  the  saliva,  and  also  by  the  pancreatic  juice.  The 
turning  sour  of  milk  on  the  stomach  is  due  to  the  transmutation  of  its 
sugar  into  lactic  acid. 

An  infant  finds  in  its  mother's  milk  whatever  it  wants  for  the  growth 
Phj-BioioRic«i  of  its  own  body.  In  its  system  the  curd  resumes  the  form 
lueaof  milk,  of  albumen,  or  passes  into  the  condition  of  fibrin  or  syntonin, 
and  in  this  manner  its  muscular  and  gelatinous  tissues  are  made.  The 
batter  is  deposited  in  the  adipose  cells,  or  burned  at  once  for  the  pro- 
duction of  animal  heat,  a  part  of  it,  however,  being  incidentally  consumed, 
as  will  be  hereafter  explained,  in  the  fabrication  of  fibrin  and  for  other 
histogenetic  purposes.  The  phosphate  of  lime  is  carried  to  the  osseous 
system,  now  in  a  state  of  rapid  increase,  and  bone  is  formed  from  it. 

But  though  milk  is  so  weU  adapted  to  the  wants  of  infantile  life,  it  is 
unsuited  to  the  adult.  Its  nitrogcnized  principle,  casein,  though  in  suf- 
ficient quantity  for  the  repair  of  muscular  waste  and  development  at  the 
former  period,  is  inadequate  to  these  purposes  at  the  latter,  wiien  de- 
struction, arising  from  the  incessant  activity  of  the  muscular  system,  is 
VarioM  kind!  ^^  gHJatly  increased.  It  is  interesting  to  remark  how  the 
of  milk  Tor  dif-  composition  of  milk  is  modified  when  there  is  a  necessity  to 
rentaiumaia.  ^^^^j  thesc  indications,  its  nitrogenized  principle  being  in- 
creased in  the  case  of  animals  such  as  the  cow  and  horse,  the  young 
of  which  commence  locomotion  almost  at  birth,  or  at  a  far  earlier  period 
than  tlie  human  infant.  This  excess  of  casein  is  necessary  for  the  r&- 
paur  of  the  resulting  waste. 

The  Congtilution  of  Milk. 


Soiin*. 

Cnwln. 

Siipsr. 

Biilter. 

80 
63 
32 

40 
28 
8fi 

40 
40 
2!) 

This  table  presents  an  explanation  of  the  unsuitablencss  wliich  is 
sometimes  remarked  in  the  milk  of  the  cow  when  used  for  the  nourish- 
ment of  children.  Milk  which  is  adapted  to  the  wants  of  the  calf  is  not 
adapted  to  the  fiinctional  wants  of  the  child.  Experience  has  taught  the 
nurse  that  these  difficulties  may  in  part  be  removed  by  diluting  it  with 
water  and  sweetening  it  with  sugar,  the  efiect  of  this  being  to  reduce  the 
percentage  of  the  nitrc^enized  element,  the  casein,  and  to  increase  that  of 
the  respiratory,  and  so  approximate  the  composition  more  closely  to  that 
of  human  milk. 

Moreover,  milk  is  not  suitable  as  the  sole  nourishment  of  adult  life, 
since  it  does  not  contain  in  sufficient  quantity  those  phosphorized  com- 
pounds which  are  necessary  for  the  repair  of  the  waste  of  the  cerebral  and 
nervous  tissues,  which  at  this  period  are  much  more  active  than  in  infancy. 
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Variations  in  the  compoailion  of  milk  Irom  its  normal  standard  arc  ob- 
served to  depend  upon  nge  and  bodily  licalth.     Vuuug  tb-  inflmmnior 
nules,  from  fifteen  to  twcntv,  yield  a  milk  mora  rich  in  fwl-  *f'' ,."'"'  ""^  ■ 
tdx  than  that  whirrli  in  given  at  ihiny-6vc  or  forty.     Gesta-  •iiion  of  milk, 
rion  at  A  late  period  increases  the  solid  portions.     The  following  table 
of  Vcmoii»  and  ])L-a[UcrcI  illustrates  the  inllucnce  of  disease: 

fnjtuawe  ^  t)i»eaMe  en  the  Cnnuiaitian  ^ifUk. 


Ifl  lltwlik. 

ADUW  IIUBtML 

ChiMtaUUnm 

Se9.08 
S9.'M 
48.64 

3c.r« 

1.38 

8S4.91 
50.  lU 
S3.I0 

sa.w 

1.7S 

68S.50 
87.06 
43.37 
82-57 

OaKin  uidextncttTc... 

8«lM 

UKW.00 

KKKKOO 

1000.00 

f^m  this  coimideration  of  the  nalnre  and  properties  of  the  food  of  in- 
tmejyXve  may  pass  to  the  examination  of  that  of  the  mature  period. 

£xperience  has  sbovm  that,  of  all  articles  of  food,  bread  made  from 
i^Malen  flour  meets  best  llic  requirements  of  the  adult  life  nf 
man.     It  seems  to  contain  nil  that  ia  necessary  for  support.     A 
'rtty  aimple  analysis  vnU  show  how  it  presents  both  ihe  respiratory  and 
nntririve  elements. 

If  such  flour  be  made  into  a  paste  with  water,  and  be  gradually  washed 
with  a  larger  quantity,  an  clastic  rohercnt  niaHa  in  left,  and  Kxuninaiion 
(he  water  aKsumcs  a  milky  turhidiry.     After  a  time  it  lie-  ^t"",']^jo| 
oomcs  clear,  thmngli  the  settling  of  a  white  precipitate,  which  odwrpMiiw. 
is  staxcb,  the  leading  member  of  the  respiratory  gronp.     The  elastic  gnb- 
flliDce  ia  gluten,  which  is  a  true  vegetable  fibnn,  mixed  with  anothej- 
nitrogcnuBed  body,  gUadinc,  which  may  \>c  removed,  along  with  a  certain 
qmntity  of  oil,  by  washing  with  ether  and  alcohol. 

Tlius,  simply  liy  washing  in  water,  flour  may  be  separated  into  two 
physiological  elements,  respiratory  and  nutritive,  the  former  being  tlie 
ctanrh.  and  the  Utter  the  gluten.  The  rcbCive  <|uaQtity  of  ihcoc  sntiatjiji- 
oee  diilers  in  dlirercul  samjtlefl  of  flour,  and,  other  things  being  equal,  tlif^ 
gmter  the  amount  of  glnlt'n  the  more  vithiahli;  the  mmple,  becanse  the 
more  nutritious.  It  is  inlcreating  to  remark  that  the  liquid  from  whiclt 
the  BtarrJi  has  settled,  if  brought  to  the  boiling  point,  becomca  turbid 
agmin,  from  the  coaguhition  of  the  vegetable  allnimen  it  contains. 

Other  grains,  treated  in  the  same  manner,  yield  similar  results.  The 
dour  of  Ijorliry  mid  of  the  oat,  when  waahed  with  water,  do  not,  however, 
yield  glntou,  but  a.  punr  fibrin,  with  a  se|>aralion  of  starch. 

The  6brin  occurring  in  these  grains  is  replace<l  in  other  nutritious 
BoA  as  peas  and  lieana,  by  legumin,  whicli,  like  tlie  casein  of  milk, 
not  uoagulatt!  by  lM>iling,  but  mcn-ly  ftmns  tenacious  .Hkin.i  as  it  i^ 
enponUed.      These  may  be  rentuved  by  skimming.      This  aubsluucei 
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which  presents  many  analc^es  to  casein,  is  coagnlable  by  acetic  add 
and  alcohol,  and,  if  mixed  with  sugar,  turns  curdy,  and  becomes  soar 
from  tlie  presence  of  lactic  acid.  It  differs  &om  casein  in  not  dissolving 
in  concentrated  acetic  acid,  and,  when  precipitated  by  an  acid,  being  un- 
acted on  by  carbonate  of  lime.     It  is,  however,  coagulated  by  rennet. 

Thus,  when  we  use  bread  made  of  any  of  the  common  varieties  of  flonr, 
we  tind  in  it  both  kinds  of  food,  the  respiratory  and  nutritive — the  former 
as  starch,  and  the  latter  as  fibrin. 

But  civilized  man  has  greatly  improved  on  the  simple  diet  which  Na- 
Um  of  butter  ^^^  furnishes,  and,  without  knowing  the  immediate  or  philo- 
«n  breid.  gopliical  rcason,  lias  added  articles  which  increase  the  respira- 
tory element.  Tlie  proverb  says,  "It  is  good  to  have  bread,  but  it  is 
better  to  have  bread  and  butter."     Let  us  examine  why  it  is  so. 

Wheaten  flour,  in  its  relations  to  the  animal  system,  is  defective  in  one 
point — its  respiratory  element,  the  starch.  Now  the  constitution  of  starch 
is,  that  in  its  dry  state  it  contains  much  more  than  half  its  wdght  of  wa- 
tCT,  none  of  its  hydrogen  being  free,  but  all  oxidized.  It  is,  therefore, 
only  by  the  use  of  very  considerable  quantities  of  bread  that  the  neces- 
sary amount  of  respiratory  food  can  be  had  for  keeping  up  the  temperap 
turc  to  the  proper  degree.  But  if  butter  be  put  upon  the  bread,  the  efiect 
is  different.  In  common  with  all  oleaginous  bodies,  butter  contains  an 
excess  of  hydrogen,  and  therefore,  imder  the  same  weight,  possesses  a 
veiy  high  heating  power.  The  defect  of  the  flour  is  thus  compensated, 
and  by  the  use  of  quite  a  moderate  quantity  a  high  temperature  can  be 
maintained. 

It  would  be  very  interesting  to  examine  in  this  way  the  physiolo^cal 
relations  of  the  diets  adopted  by  communities  of  men,  and  the  great 
changes  which,  at  quite  a  recent  period,  have  taken  place  through  the  in- 
troduction of  tea,  coffee,  and  chocolate  on  an  extensive  scale  among  civ- 
ilized nations.  Before  the  discovery  of  the  passage  to  the  East  by  the 
Cape  of  Good  Hope,  and  the  establishment  of  direct  commercial  relations 
between  Western  Europe  and  China,  the  general  diet  of  the  agricultural 
classes  consisted  chiefly  of  the  common  products  of  the  farm  and  sub- 
or  mixed  di-  Stances  readily  obtained  in  domestic  economy,  sucli  as  bread, 
chMB^  aLnd"**'  *"^  cliecse,  and  beer.  In  a  theoretical  point  of  view,  we  can 
beer.  scaTCcly  conccive  of  a  diet  more  conducive  to  the  sustenance 

of  the  bodily  frame.  The  constitution  of  wheat  flour  shows  that  it  con- 
tains the  elements  necessary  for  life ;  and  cheese,  wliich  may  be  regarded 
as  the  preserved  curd  of  milk,  is  an  excellent  flesh-producing  body,  the 
casein  of  which  it  consists  being  readily  convertible  into  muscle-iibrin. 
The  common  salt  used  in  its  preparation  promotes  the  fiinction  of  diges- 
tion, by  furnishing  hydrochloric  acid  and  soda.  In  addition,  there  are 
also  in  the  beer,  an  alcoholic  and  intoxicating  liquid,  all  the  advantages 
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of  a  highly  conituatiWe  body  for  the  purposes  of  respiration.     Whatever^ 
tbovfbre,  U  rcquiftiir  IVir  iliu  wnll-beiug  of  the  animal  economy  la  pi 
in  abundatire  in  hiu-Ii  a  diet. 

Fioin  an  examination  of  the  diet-scales  of  titn  c<lurational  and  invalid 
establirOiment'^  of  London,  the  prions  and  the  hottpiraln.  Tlcncke  obtains 
the  tnnilt  that  llic  nitrogenized  shoiUd  be  to  the  non-nitrogenizcd  food  in 
weight  a.1  one  to  five.  iVom  other  data,  Krericha  caleulatcs  R^iio  of  nitro- 
that  the  dinmal  eonstimption  .ilioidd  he.  2.17  ok.  avoirdnpois  ^p.^trMin- 
of  tiitrngeni/.ed,  aii<l  l-O.-W  oit.  avoirdupois  of  non-nitrogen-  U«l  r«>d. 
med  ftrnl,  that  is,  about  aa  ooe  to  seven.  Whatever  is  taken  more  than 
thitf  ii<  Kujw'HluouA. 

The  p<viili:ir  advantages  arising  from  the  uac  of  casein,  whtcli  in  a  solu- 
ble form  {foiifteHRes  the  quality  of  dissolving  large  quantities  of  phosphate 
of  lime  unqneslionnbly  determine  its  pniplovnient  a^  a  constituent  of 
milk.  Bm  there  are  nrc-iimstances  nndrr  wbieh  a  neeessily  an/ies  for 
tha  iwc  of  other  nitrogpnized  fomponnds,  anch  a"*  albumen,  in  early  nu- 
ilion ;  and  then  it  is  remarkable  bv  what  indirect  methods  the  difficnlty 

'itfl  vant  of  solvent  power  over  that  earthy  body  is  compensated  for. 
^le  fnrtal  period  of  the  life  of  birds  fumishoa  an  example.     In  the  egg 
dien  i»,  of  conrnC;  wliat<'ver  is  wanted  for  the  development  Dtvclopnumt 
of  the  young  animal ;  ibr.  nwrely  by  the  process  of  incubo-  ^\^^^i 
tion*  or  anbmitting  the  egg  to  a  due  teni|>eratiire  for  a  siiita-  of  lu  puu. 
ble  length  of  time,  with  the  access  of  atmospheric  air,  the  young  chicken 
farms,  witli  all  its  parts  complete — its  bony,  muscular,  nervous  systcmat 
feathers,  beak,  claws.     The  phosphate  of  lime  required  for  the  skeleton 
is  not  present  as  such,  but  is  formed  as  incubation  goes  on ;  for  in  the 
jrolk  there  is  free  phospiioru.*,  to  which  the  air  tinds  access  through  the 
perrioos  shell,  and,  efTectiug  its  oxidation,  phosphoric  acid  is  tlic  rcstilt. 
Thia  reacts  on  the  carbonate  of  lime,  of  which  the  shell  consists,  decom- 
poaea  it,  and  the  phosphate  of  lime  forms.     For  this  reason  we  observe, 
as  the  incubation  proceeds,  that  the  shell  becomes  lighter  and  thinner. 
The  albuminous  tluid  whidi  constitutes  the  white  of  the  egg  has  little 
power  of  holding  bonc-carth  in  solution  ;  hut  by  manufacturing  the  salt 
in  this  manner,  a.<t  it  is  wanted,  the  development  of  the  young  bird 
onwiihoDt  difficulty.     To  insure  the  due  supply  of  oxygen,  an  air^bab- 
bla  ia  placed  at  the  broad  end  of  the  egg,  so  that,  .should  any  transientj 
cirdtmatance  interfere  with  the  passage  o(  air  through  the  pores  of  the' 
-  I'   I,  there  is  a  little  reservoir  of  that  material  on  which  to  rely. 

i  he  mammalia  find  in  milk  all  that  they  need  in  their  infantile  life 
ibr  llieir  nutritive  purpose.  In  the  same  manner  birds,  in  their  fcL'tal 
lt£e,  hare  whatever  they  require  in  the  egg.  For  the  former,  caaejn  is 
the  Butriiivo  elemont;  fnr  the  Inttcr,  albumen.  In  Ijoth  cases  a  rcadjr^ 
tnumnutation  of  that  clement  into  muacle-tibrin  occurs. 
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At  a  maturer  period  of  life,  animals  may  be  divided  into  two  gronp§, 
carnivorous  and  hcrbivoroos,  or  those  which  feed  exclusirely  on  flesh, 
and  those  which  feed  on  vegetable  substances.  Between  these  may, 
perhaps,  be  introduced  a  minor  group,  partaking  of  the  manner  of  life  of 
both. 

The  camiTorous  animal  Jinds  in  its  prey  all  that  is  required  for  nutn- 
NiitriUon  of  **^'^'  ^^^  *^^  discharge  of  its  functions.  Digestion  under  these 
camivorom  circumstanccs  is  reduced  to  its  simplest  conditions,  and  is 
scarcely  more  than  a  process  of  solution.  In  the  stomach  the 
fibrin  is  brought  into  a  soluble  form ;  in  the  duodenum  the  fats  are  re- 
duced to  an  emulsion.  The  digestive  apparatus  has  but  little  complexi'- 
ty.  The  stomach  maybe  r^arded  as  a  mere  enlargement  or  pouch  upon 
the  alimentary  canal,  having,  along  with  the  intestine,  the  office  of  brings 
ing  the  food  into  such  a  condition  that  it  can  be  taken  up  by  the  v^ns 
and  lacteals,  and  so  pass  into  the  circulation.  The  various  constituents 
now  revert  into  the  same  state  in  which  tliey  were  before  digestion  be- 
gan, the  fibrin  aiding  in  the  repair  of  the  wasted  nmscular  tissues,  and 
the  &t8  being  deposited  in  the  adipose  cells.  The  bones,  feathers,  and 
otlier  such  matters  as  have  not  been  dissolved  by  digestion,  are  cast  out. 

In  the  production  of  heat  and  motion  the  carnivorous  animal  consumes 
itself,  and,  through  the  oxidation  incessantly  going  on  by  means  of  the 
air  introduced  by  respiration,  carbonic  acid,  ammonia,  water,  sulphuric 
and  phosphoric  acids  are  constantly  forming. 

On  a  superficial  view  it  might  be  supposed  that  in  the  other  group, 
„  ^ .  .  the  herbivorous,  the  case  is  quite  difierent.  These  seem  to 
herbivorous  Spend  all  theiT  lives  in  obtaining  food.  The  ox  or  the  horse, 
«nim«i8.       pjjj  Qjjj,  jjj^^^  jijg  pagturea^  is  idl  the  day  long  croj^ing  the 

grass.  On  a  comparison  of  the  quality  and  nature  of  the  food  whidi 
they  take  with  the  substances  of  which  their  bodies  consist,  there  seems 
to  be  nothing  in  common.  It  was  pot,  therefore,  without  reason  tltat  the 
earlier  physiologists  imputed  to  the  digestive  organs  of  this  class  the 
power  of  fomiing  flesh  and  blood  from  vegetable  matters.  When,  how- 
ever, we  come  to  a  critical  examination  of  the  facts,  we  find  that  there  is 
no  essential  difference  between  them  and  the  camivora. 

When  the  expressed  juice  of  vegetables  is  permitted  to  stand  for  a 
time,  though  it  may  have  been  clear  at  first,  a  turbidity  sets  in,  and  a  flaky 
material  is  deposited.  The  substance  thus  possessing  tlie  power  of  spon- 
taneoua  coagulation  is  identical  in  tliat  property,  and  in  composition,  with 
animal  fibrin.  After  its  deposit,  if  the  clear  liquid  be  warmed  to  near  the 
boiling  point,  it  again  becomes  turbid,  and  a  second  nitrogenized  sub- 
stance subsides,  which,  from  its  quality  of  coagulating  by  rise  of  tempera- 
ture and  its  analysis,  is  inferred  to  be  identical  with  animal  albumen. 
When  tiiis  has  been  separated  by  filtration  or  otherwise,  and  the  juice  is 
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rhr  evaporated,  there  come  on  its  sorfnoe  skins  of  a  body  having  the 
qualities  as  oLseiu;  so  fibrin^  albumen,  and  casmn  pre-exist  in  ploDtA. 

Fatty  matters  of  every  description  may  also  be  extracted  from  vc 
tabic  prodacts.  From  leaves,  seeds,  hark,  wood,  etc,  oleaginous  bodies 
can  be  obtained  by  the  action  of  .sulphuric  ether,  which  removes  the  fat, 
and  leaves  it  on  subsequent  evaporation. 

It  being  thus  understood  that  the  food  of  the  graminivorous  ardmals 
contains  nitrogenized  bodies  and  fats  ready  tbrnied,  we  have  clearer  views 
oflhe  function  of  digestion  in  those  tribes,  it  is  not  neoessory  to  im- 
pute to  their  digestive  oi^ns  the  power  of  creating  flesh  and  fat  from 
vegetable  matter.  The  office  of  ilip  animal  is  men-ly  to  collect.  The 
two  groups  being  compared  together,  tlie  carnivorous  animal  receives  un- 
der 1<«8  compass  the  required  amonnt  of  nutrition,  and  its  digestive  a^ 
pwnliu  is  more  compact.  Dut  the  graminivoroDS  animal  must  all  the 
day  long  collect  Urge  quanlities  of  food,  out  of  which  it  may  extract  the 
UttJc  natrient  matter  they  contain.  The  carcass  of  an  animal,  seized  by 
a  lion,  is  almost  all  digestible,  but  it  would  require  a  very  huge  amount 
of  tierbagi-  or  of  grain  tu  be  supplied  to  an  ox  to  make  np  the  same  qiiMV 
tity  of  albumen  or  fat.  Hence  the  necessary  complexity  and  size  of  the 
digestive  organs  of  the  herbivorous  group,  and  hence  many  of  their  hab- 
ita  of  life. 

Moreover,  we  gee  that  even  in  this  apparently  extreme  case  the  ani- 
mal ayelein  does  not  clearly  exhibit  any  qualify  of  exerting  Foodfwnnwl 
a  fonn»tive  action,  nor  of  grouping  atoms  into  a  state  of  dcMwvcdS^ 
higher  o^anization.  It  possesses  no  B})ccial  power  of  mak-  onimai*- 
ing  6ealL  To  the  vegetable  world  we  have  to  look  as  the  great  forma- 
ttve  agent.  In  the  organism  of  plants  the  various  compounds  wanted 
by  animals  are  fabricated.  Animals  destroy  those  oompounda,  and  in 
ao  dodng  maiiitain  a  high  temperature,  irrespective  of  atmospheric  con- 
ditions, and  give  rise  to  the  phenomena  of  motion  and  intellectuality. 

Universal  experience,  as  well  as  direct  experiment,  proves  that  in  the 
case  of  man  hcallli  can  not  be  maintained  on  a  uniform  diet,  however  it 
may  be  with  animaU.  A  mixed  food,  which  varies  5om  time  to  time, 
•eenu  to  be  essential ;  and  there  can  not  be  a  donbt  that  the  changes 
which  pbysiciaus  have  recognized  in  tlic  natarc  of  the  {tredominating  dis- 
eases, Irom  century  (o  century,  ore  connected  with  changes  which  have 
taken  place  in  the  nature  of  the  diet.  The  introduction  of  tea,  co0ee,s 
tha  potatoe,  and  tobacco,  must  have  made  a  marked  impression  in  these 
teapecto. 

Undue  excesses  of  albumen,  oil,  or  starch,  in  the  diet  of  an  individual, 
pndnoQ  a  liability  to  atthritic,  bilious,  and  rheumatic  offec-  NmMitj'  or  a  .j 
tiooB.    An  abstinence  from  fresh  vegetables  and  fruits  devcl-  ^*^J^1^ 
ofa  Scorbutic,  and  a  deficiency  of  oleaginous  materiali)  scrufu-  ctftvoUag. 
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looB  disease.  It  la  eyident  that  a  control  over  these  affectioiis  may  be  ob- 
tained, or  even  their  cure,  to  a  considerable  extent,  accomplished,  bj  soit- 
able  changes  in  the  nature  of  the  food.  This  is  strikingly  seen  in  the 
improvement  of  the  health  of  sailors  during  long  voyages,  since  the  intro- 
duction of  vegetable  preparations  or  acid  juices.  In  1726,  Admiral  Ho- 
sier sailed  &om  England  to  the  West  Indies  with  seven  ships  of  the 
line,  and  lost  his  whole  crew  twice  by  scurvy.  The  circumnavigation 
of  the  globe  is  now  often  accompUshed  without  the  loss  of  a  single  man. 

I  have  already  remarked  the  insufficiency  of  the  tables  setting  forih 
the  value  of  articles  of  food  as  dependent  on  their  chemical  constitution. 
Such  tables  are  of  little  use,  agriculturally,  in  the  case  of  animals,  and 
still  less,  physiologically,  in  the  case  of  man.  The  art  of  cooking  does 
not  minister  alone  to  the  gratification  of  the  palate,  it  lends  a  real  aasiat- 
ance  to  the  operation  of  digestion.  New  elements  may  not  have  been 
added,  nor  existing  ones  removed  in  submitting  the  food  to  the  action 
of  a  high  temperature,  yet  such  a  change  is  thereby  impressed  upon  it 
that  it  becomes  more  capable  of  digestion,  and  more  subservient  to  the 
wants  of  the  economy. 

In  determining  the  absolute  quantities  of  nutrient  substances  requited 
The  mbsointe  ^7  ^^^  system,  Lehmann  observes  that  there  are  three  mag- 
qiuntity  of  nltudes  which  we  are  especially  called  upon  to  consider :  the 
first  is,  the  quantity  of  food  requisite  to  prevent  the  animal 
sinking  from  starvation ;  the  second  is,  that  which  affords  the  right  sup- 
ply of  nourishment  for  the  perfect  accomplishment  of  the  functions ;  and 
the  last  is,  that  which  indicates  the  amount  of  nutrient  matter  which 
may,  under  the  most  favorable  circumstances,  be  subjected  to  metamoi>- 
phosis  in  the  blood.  The  method  of  finding  the  minimum  of  food-  nec- 
essary to  support  life  by  stopping  all  supplies  without,  and  determining 
the  quantities  of  matters  which  the  organism  uses  by  the  excretion  of 
urine,  faices,  expired  and  transpired  products,  though  it  has  yielded  in- 
sults of  the  utmost  importance  to  science,  is  nevertheless  not  altogether 
reliable,  for  in  such  a  state  of  inanition  the  system  is  brought  into  a 
morbid  condition,  or,  at  all  events,  is  not  acting  In  a  normal  way.  More- 
over, much  depends  on  the  activity  with  which  the  various  functions  are 
carried  forward,  a  necessity  for  nourishment  increasing  with  increase  of 
external  activity.  And  as  to  the  amount  of  food  demanded  for  the 
maintenance  of  the  system  at  its  standard,  it  must  be  borne  in  mind 
that  of  the  four  classes,  the  carbohydrates,  the  fats,  the  albuminous  mat- 
ters, and  the  salts,  no  one  alone  will  answer  the  purpose,  but  all  must 
be  employed  together,  and  this  In  variable  proportion,  according  as  the 
local,  and  therefore  variable,  wastes  of  the  system  may  have  been.  These 
considerations  indicate  how  complicated  the  problem  we  have  in  view 
really  is. 
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FVom  the  experiments  of  Bousaingault  with  rcfcnnice  to  fat,  and  of 
Biiificr  and  8climiilt  with  reference  to  the  albuminates,  and  MaxbnvmltHK 
yf  Vou  Becker  n-ilh  reference  to  the  carWhydmlcs,  we  lomi  ^r^"^^'^'^^^^ 
that  only  detinite  quantities  of  these  subelances  can  bo  ab-  tnenuorfood. 
sorbnl  by  the  inlci>tijic  in  dciiuite  periods  of  time.     Thia  tnaximum  limit , 
is,  however,  far  more  Ihuu  tlic  ucccssitiojt  of  the  system  require ;  Iteucc  in 
OTBr^eiiing,  though  much  of  the  exuefls  of  food  i»wsc»  away  with  the  cx- 
crament,  a  Tery  large  portion  ih,  at*  it  wt-re,  needlcflsly  absorhed,  and,  un- 
II  dergyiing  metamorphosis  in  the  blood,  is  removed  by  the  kidneys.     To 

H  iIda  portion  Lehmann  applies  the  designation  introduced  by  Schmidt, 
^^  liunis  crtniinmpTion.  or  snportlaons  consumption.  Of  courae,  the  simplest 
I  condition  iiridi;r  wluch  we  can  investigate  the  normul  quantity  of  food 

^p  reqoirvd  is  that  of  an  invaiiablc  weight,  and  the  difiicultics  of  the  inquiry 
^      u<e  increased  when  growth,  corpulence,  pregnancy,  or  other  wich  nuteo, 

•n  included. 
^H  Though  wo  are  very  far  from  Ixung  able  t^i  offer  n  complete  solntioa 
^^^nf  the  pn>blinti  of  the  amount  of  food  required,  iti  itt«  moR(  general  ucnm^ 
^^P^al,  t2intii;;li  the  laltors  of  many  ehemiiftg,  we  have  aceumulateil  several 
^1  fiuits  which  have  a  bearing  on  thiit  question.  I'hus  it  is  known  that  olbu- 
^V  HHTlouii  snbstuncoii  nioitc  can  not  b<-  ahflorbed  in  quantity  rnotigh  to  com- 
^K  pCBsate  tor  the  loss  of  eju-lton  by  respimtion.  A  duck,  as  is  shown  by 
^m  Boossingault,  expiree  in  ooe  hour  1.25  grammes  of  carbon,  but  cart  only 
''  aUiorb  of  carbon  in  albiiniimitiM  1.00  gramme.    So,  in  like  mannto'.  fat  aluue 

ia  inadequate,  for  of  this  substance  O.H-1  gnunme,  containing  about  0.70 
gmnme  of  carbon,  can  only  he  taken  up  in  an  hour,  and  this  is  not  much 
■ion)  than  hab'of  what  the-  nu^pimtory  0|ierHtion  di-inuiidf.     Tlic  earbo- 
bydialcs,  howm-er,  ran  Im  absorbrd  in  Rulhoirnr.  ]u-oportinn,  and  in  this 
mixed  tnaimer  are  all  the  n^piirements  sntisltecL      I^ussingault  makea 
^B      tho  cnrioua  remark  that,  in  the  quantity  of  starch,  H.'ZG  parts,  and  the 
^m     tftMbtity  of  sugar,  6.t>2  |>art»,  which  this  bird  can  absorb  iu  one  hour. 
^M     then*  arc  nearly  the  oamo  quantities,  2.37,  of  carbon. 
^m         Amoog  the  special  investigations  which  have  been  made  to  determine 
^B     Ibi  amoont  <tf  food  used  and  the  amount  of  cducts  from  the  jt^mnmitnt 
^H     ajTBtam.  should  be  joentioned  that  of  Valentin  upon  him»cll'.  '^).  «<"i 
^B      Hia  wdghl  waa  117  Ihe.;  Ids  diurnal  consumption  of  food,  '*"■'"" 
H     6.4dl  Ibit.;  sohd  excrement,  .42  lb.:  urine,  4.686  lbs.;  and  2.751  lb*. 
^M     |aiJ|UiaLion.     From  the  more  recent  and  very  exact  experiments  of  Ilaiw 
^B     tal,  it  in  inferred  that  of  100  grammea  of  carbon  which  Iiave  been  ab- 
^V     torfced  into  the  organism,  9I..59  escape  as  carbonic  acid  through  the  lungSj 
V      ttd  akin,  4.6^  appear  in  the  urine,  and  3.B3  are  r«-excreted  and  appeac' 
n  tbo  iavea.     Upon  similar  principles,  Lchmann  computes,  from   the 
data  ftuniahod  by  Barral,  that  for  every  100  parts  of  absorbed  nitrogen, 
49.6  paita  are  reaiuved  through  the  akin  and  lungs,  42.07  are  found  in 
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the  urine,  and  8.33  are  re-excreted  into  the  &ecea.  As  ft  general  result, 
it  follows,  &ora  these  experiments,  that  an  adult  man  oxidizes,  on  an 
BTCrage,  289  grammes  of  carbon,  and  18.6  grammes  of  hydrogen  in 
twenty-four  hours. 


CILVPTER  in. 
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TtSBITE-llAKniO  OK  HlSTOGlfKXTIC   DIOKSTIOM. 

Nahuv.  of  Digtttim.—  Thf.  M<mih,  Treth,  Stoimifh.—  The  SaSrary  Otantb.—DiffirmI  KmdM  tf 
SaJira. — J^iertien  qfmijtii^lira:  its  Qmintitjf,  CW/waifion,  amd  Fimetmu. — BeiatiiM  o^ 
lie  SiiliraTy  W/itntl»  and  Kitiiwi/t. —  JXf  d'njrglire  Trtirt, —  The  istomacA, — Gattric  Jtmot. — 
Oryaim/or  itH  I're/Kinilion. — Afarmer  of' firoJtu^iag  Cli^e. — Injhiemx  of  the  Nervet. — Artf/i- 
riiil  Itiyettioa. — i*repanitioK  and  Proprrtifs  of  I'rpxiv, — Reffionai  <mdyiiiietitmid  JDivubmn  of 
the  Stomari  in  Animalt  and  in  Man. — Object  o/'Ulomach  DigettioK. — Ptplmtn. — Um  iifSak. 
— LA/tttibititg  ofvaritma  Article*  of  Food. 

Before  the  food  can  be  absorbed  and  carried  to  all  parts  of  the  sys- 
Natun  of  ^^™  ''  must  be  submitted  to  certain  preparatoty  operatione. 
digeation.  Since  it  is  either  to  be  dissolved  in  the  blood  or  transported  as 
chyle  through  the  lacteal  vessels,  it  is  absolutely  necessary  to  bring  it 
into  a  condition  of  solution  in  water,  or  a1|^east  into  a  state  of  minute 
suspension  in  that  liquid.  Received  in  masses  of  a  certain  size,  it  is 
first  cut  and  crashed  into  smaller  portions  by  the  teeth,  and  then  brought 
from  an  insoluble  into  a  soluble  or  suspended  state  by  the  chemical  ac- 
tion of  the  digestive  juices. 

In  the  mouth  the  food  is  submitted  to  a  twofold  preparation.  It  is 
Fnnctiona  of  divided  by  the  mechanical  dbtion  of  the  teeth,  and  also  simol- 
Uie  mouth,  tancously  mingled  with  hquids  secreted  from  the  salivary 
glands. 

The  animal  series  present  us  with  numberless  contrivances  for  accom- 
plishing this  comminution.  The  teeth,  tliough  of  a  bony  nature,  are  not 
to  be  regarded  as  appertaining  to  the  skeleton,  but  rather  to  the  digestive 
mechanism.  Their  structure,  number,  and  position  differ  very  much  in 
different  tribes.  In  certain  fishes  the  mouth  is  almost  lined  with  them. 
In  crabs  they  extend  to  the  stomach,  but  in  other  cases  they  are  restrict- 
ed to  the  pharynx,  or  are  wholly  absent ;  this  being  the  case,  for  instance, 
among  the  ant-eaters.  Those  insects  whose  food  is  of  a  fluid  nature  Iiave 
lMtnini«it*of  no  need  of  teeth;  but  those  which  use  solid  material  are  ac- 
"iTvMiouiiMi  comihodated  with  suitable  instruments  of  abrasion,  such  as 
DuOt.  borers,  chisels,  saws,  nippers,  the  particular  mechanism  re> 
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totted  to  being  aiikpte<I  to  the  nature  of  the  food-  Tt  is  to  be  understood 
liiAt  these  mechanical  teiins  arc  not  mere  metaphors,  they  imhcaic  the 
actiul  uatUTc'  of  the  apparatus.  The  object  aimed  at  is  to  obtain  the  food 
in  Bach  small  portions,  and  in  each  a  faniised  or  pulpy  condilioii,  that  di- 
gestion can  be  accomplished  promptly.  In  man  the  number  of 
temponry  teeth  Lt  twenty,  ten  in  each  jsw.  They  are  arranged^ 
in  three  closmts — fenr  incisnrit,  two  canines,  and  four  molars  for  the  n|> 
|irr  and  under  jaw  respeeiively.  The  jwmmnent  teeth,  which  nre  oventu- 
«Djr  substituted  tor  iheae  temporary  ones,  arc  thirty-lwo  in  number,  class- 
ified for  each  jaw  as  four  incisors,  two  ca- 
nines, four  bicuspids,  and  six  molars. 
Their  arrangement  is  exemplilied  in  /7«/. 
1,  representing  the  lower  jaw,  in  whidi 
t  is  tlio  middle  and  lateral  inciBor.  c  the 
canine^  ft  the  two  bictispidBf  luid  m  the 
tliree  molars. 

The  movements  of  the  teeth,  aided  by 
those  of  the  tongue,  accomplish  a  dno 
abrasion  of  the  food,  and  simultaneously 
ihcorjvtrate  it  with  the  saliva.  This  is, 
ibcnferca  purely  mechanical  operation.  It  is  analogous  to  jirrhwUcaiafc 
the  methods  to  which  chemists  resort  in  their  laboratories  tiir<-«fma«ic»-) 
when  ihr^-  prei>an^  solid  maltTialx  for  ex{x>siirc  to  reagents. 

Tlic  minting  of  fixxl  with  Niliva,  or  insaltvation,  eflectH  a  double  ob- 
ject. Coated  over  with  a  ghiiry  juice,  the  bniised  Hnhstancc  parses 
along  the  (r.^pha^al  tnbe  into  the  stomach ;  hut  there  are  also  certain 
dioaical  changes,  wliich,  commencing  in  the  mouth,  ore  of  essential  im- 
portnce  to  the  completion  of  digestion. 

The  stomach  is  an  expansion  of  the  alimentary  canal  between  the 
OMOpbagna  and  duodenum,  of  a  conical  fip'Ut;,  the  base  of  i),„riMia„  rf 
wbacfa  ifl  to  the  le/t.  It  coromiuucatcs  with  the  (esophagus  ■h<--tittnMn 
br  it«  cantiac  oritioc,  and  by  its  pyloric  with  tlio  duodenum.  ***""*  ' 
It  oODStsts  of  three  coats  or  tunics  —  the  serous  or  peritoneal,  which  is 
exterior;  the  muscular,  which  is  intermedlnte:  and  the  mucons,  wliich  is 
interior.  They  ore  connected  with  each  other  by  cellular  tiaauCL  The 
fibfea  of  the  muscular  coat  run  in  three  ditTercnt  directions,  constituting* 
time  layers;  tlie  superficial  ones  arelongitudinal,radiatingfrom  lhea«oph- 
4f^  over  the  surface  of  tlie  organ;  those  of  the  middle  layer  are  circular, 
or  ring-like;  they  are  well  developed  about  the  middle  of  the  Mtomadu 
and  by  their  contnictioiLB  sometimes  moke  it  assume  a  dindcd  appear- 
aaoo.  as  though  composeil  of  two  comjuirtments.  Toward  the  pylorus 
they  are  al^o  prcjilly  rc-enforoed.  The  fibres  of  the  third  laver  take,  for 
_dw  moat  purt,  an  obliijue  direction.     The  interior  or  mucous  coat  is  some- 
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linwa  termed  (he  tUIoos,  from  its  velvetr  appcanmce.  Its  color  ia  vtry 
variable;  tt  is  folded  into  ragH-,  whidi  admit  of  vaiiations  in  the  rliftten- 
tion  of  the  stomAcb,  without  interference  with  the  Rtniclure  or  functions 
cX  the  tnembmries  of  which  they  are  a  part.  The  cardiac  orifice  ia  pli- 
cated, and  the  opening  into  tlie  duodenum  is  tlurough  a  circular  told  with 
a  central  nperlnre — the  pyloric  ralve,  which  being  surrounded  with  a 
band  of  niosealar  fibres,  acting  aa  a  sphincter,  the  passage  &oni  the  stotn* 
ach  to  the  inteBtine  may  be  entirely  obstructed. 

Tlio  stomach  in  accn  in 
section  Fig.  2,  a  being  the 
cesophagus ;  A,  the  greoier 
extreinitj" ;  c,  the  smaller 
curvature;  rf,  the  great 
curvature;  ^  the  pyloric 
or  less  end;  /",  A,  the  du- 
odenum ;  ^,  place  of  entry 
of  the  ductus  pomrnunia 
cholcdochus  and  piiiicre- 
atic  dnct.  The  plooc  of 
jnnrtion  of  the  (rAophnjs;Ti!i 
ia  the  cardiac  region:  llie 
The  place  of  junction  of  liio  duodenum  is 
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membrane  is  tliere  plicated, 
the  pyloric  region. 

The  typical  fonn  of  the  digestive  apparatus  is  a  eac  with  one  apertnra, 
tyiMofiiM  which  serves  the  double  purpose  of  affording  an  entrance  to 
MmiwA.  nntritive  material,  and  an  outlet  to  nndigestcd  remains.  In  a 
higher  condition  ir.  may  l)e  conceived  of  a»  a  tube  open  at  both  ends,  and 
having  a  sac-like  swelling  on  its  middle  part.  The  portion  of  the  tube 
anterior  to  the  sac  is  the  type  of  the  a-sopliflgus,  its  a|ierture  answering 
to  Uie  roouth,  the  uac-like  swelling  being.thc  tyjw  of  the  stomach,  and  the 
tube  leading  from  it  representing  the  intestinal  canal.  In  the  more  ele- 
mentarj'  of  such  fonns,  vessels  arise  from  the  walls  of  the  digestive  cav- 
ity, and  paits  to  all  other  parts  of  the  system.  These  serve  to  convey  the 
elaborated  material.  Ortain  appendages  are  coon  to  Iw  discovered  in 
connection  with  this  simple  digeflti\-e  meeluinism.  They  arc  for  the 
pffdlMualion  of  salivary,  gastric,  pancreatic,  or  biliary  juices,  fn  riko  or 
development  they  vary  with  the  Imbita  of  life  of  tl»e  animal,  or  with  the 
natttK  of  its  food.  Indeed,  the  name  remark  may  he  made  as  respects 
the.  entire  rligestive  tract  of  the  higheat  tribes.  Thus,  in  the  bat  the 
length  of  the  intestine  is  to  that  of  the  body  as  tluve  to  one,  but  in  the 
sheep  as  twenty-eight  to  one.  The  ruminants  generally  have  an  intes- 
tinal tube  of  great  length.  In  man  und  in  monkeys  the  proportion  ii 
about  five  or  six  to  one.     Again,  as  regards  oonatmctiou,  tliere  are  many 
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sttieei  tlie  oumber  of  dig^tivc  dilululioiiH  und  their  sizo  corrcspcmd- 
ing  in  some  measure  to  the  nature  ol'  tlic  t'uud. 

lliTDc  pairs  of  glands,  iho  parotid,  eabmaxillary,  and  SDljHngiiai,  se- 
cnle  Aali%ii.  Of  these  orf^na  the  porotid  i^  the  Urgest ;  its  ntm-reBtkindf 
woTtion  is  delivered  tbrough  the  duct  of  Siciio.  The  sub-  af**^**- 
tnaxilUry  duct  ia  \Vhikr1oD''8,  btit  the  guhliiignal  ponrs  tl»  fluid  through 
tDAny  ffmatl  apftrttircs  near  the  fmium  lin^fp.  Ilcsidcs  tliesc  proper  saJi- 
vsA.  tlie  lining  mcmhruic  of  the  month  yields  a  Huid,  tlie  buccal  tnucus. 

Tho  pttTOtid  saliva  us  lliiit  and  watery,  limpid  and  colorlosA,  inodonHU 
and  livtctcKs.  Secreted  dnring  fatitiug  or  oiuler  the  tim*  of  ThoiMroitdu- 
stimuUting  food,  it  is  deiiiier.  Iteontiiins  so  large  a  quanti-  ""^ 
ij  of  lime  tiial,  on  exposure  to  the  air,  it  becomes  covered  with  an  in- 
crustation of  the  carlfoniitc  of  that  sulwtanno.  It  al»o  contains  sutpho- 
cjraniJu  of  potafwium.  Iih  or^ganic  iiigtv-dirnt,  if  not  albuminate  of  soda, 
doady  rracmlilcA  that  body. 

From  the  cliemieal  constitution  of  the  saliva  of  the  parotids,  the  ph^-s- 
iologiral  function  of  those  glands,  as  aquiparous  organs,  is  established. 
They  yield  a  certain  quantity  of  watery  juice,  which,  by  reason  of  ita 
thinnera  or  fluidity,  i«  readily  incorporated  with  the  Ibod  by  the  teeth. 
Parotid  saliva  a|^>ears  to  have  no  pon-er  of  tmni^niuttn^  starch  into  dugar. 

The  sobmajdlUry  saliva  is  also  colorless  and  limpid,  tasteless  and  in- 
odoroOB.  It  contains  no  morphological  elementH.  It  is  -^a  nhontxit. 
l^terthan  the  {uintiid,  less  alkaline,  and  contains  leas  lime  t«'j  "^i*-*- 
For  ihirt  rea^'on,  wln-n  exposed  to  the  air,  it  does  not  become  incrustcd 
with  carbonate  of  that  earth.  It  contains  sulpboryanido  of  potaasium. 
It  i»  ao  viscid  and  glutinous  that  it  may  be  drawn  into  tlireadn.  From 
this  phyiioJ  property  it  probably  facilitates  deglutition  by  fumislting  «' 
kind  of  anti-friclion  coating. 

The  Miblingual  saliva  is  thin  and  watery,  containing,  like  the  jiarotid, 
bat  a  smaU  percentage  of  soUd  matter,  and  probably  dis-  rhnMnbUnfMi 
ebaiging  a  similar  function.  uiira. 

Bendes  tiic  H[)ccial  salivary  juices,  the  lining  membrane  of  the  mouth 
potin  forth  a  liipn<l — the  buccal  mucus — a  thick  and  tcno-  Thob<i««iBm. 
doofl  safaetancc>  having  many  cpitheJiol  cells.  It  is  alkaline  *"'»' 
ia  its  reaction,  does  not  coagnUte  on  beating,  its  insoluble  falts  contain- 
ing no  carbonate  of  Hmc-  It  luw  been  obtained  for  examination  by  tying 
the  docts  of  8tcno  and  Wliarton,  keeping  tlie  nostrils  open  and  tlie  head' 
iadined.  so  tlial,  the  animal  b^ig  unable  to  swallow,  the  mucuB  flows  out 
of  the  rnoullu 

The  buccal  mucus,  if  mixed  with  parotid  saUva,  does  not  apjKvr  to 
pOMBHi  tbo  power  of  turning  starch  into  sugar,  but,  if  mixed  with  the 
MbnaxilUry  sucrelion.  it  accomplitfh<'8  that  tntnsmulation  with  facility. 

The  oalira,  aa  obtained  from  the  mouth,  is  thcrelbrc  a  mixture  of  the 
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secretions  of  the  various  salivaiy  glands.  It  may  be  doubted  whether 
Properties  of  the  method  of  obtaining  it  sometimes  recommended,  by  mak- 
mixed  Baiivms,  jj^g  pressure  under  the  chin  and  tickling  the  &uces  with  a 
feather,  yields  it  of  normal  constitution.  It  is  described  as  an  alkaline 
juice,  of  a  bluish  color  or  colorless,  in  consistency  glaiiy,  readily  froth- 
ing, and  therefore  well  adapted  for  entrapping  atmospheric  air.  It  con- 
tains, of  solid  matter,  from  0.348  to  0.841  per  cent.  Its  alkali  appears, 
for  the  most  part,  to  be  combined  with  an  oi^anic  substance,  ptyaline, 
from  which  it  may  be  separated  by  the  weakest  acids,  such  as  carbonic. 
In  the  ash  of  saliva  the  alkali  occurs  chiefly  as  phosphate :  this  arises  from 
rearrangement  of  the  constituents  during  incineration.  The  saliva  con- 
tains but  a  trace  of  alkaline  sulphates,  the  chlorides  of  sodium  and  potas- 
sium preponderating  over  all  the  other  mineral  ingredients. 

On  standing,  saliva  separates  into  two  layers :  a  transparent  one,  wltich 
is  supernatant,  and  a  grayish  turbid  one  below,  which  consists  of  a  de- 
posit of  particles  of  pavement  epithelium  and  mucus  corpuscles,  derived 
tioni  ttie  lining  membrane  of  the  mouth  and  the  salivary  ducts.  Its 
chemical  reaction  varies  to  some  extent  with  the  state  of  the  system ;  thus, 
after  long-continued  fasting,  from  being  alkaline,  it  may  approach  the  neu- 
tral state.  By  some  it  is  asserted  that  under  these  conditions  it  may 
even  become  acid.  There  is  no  proof  tliat  this  is  owing  to  the  appear- 
ance of  lactic  acid :  it  may  be  due  to  butyric  acid,  or  even  the  acid  phos- 
phate of  soda.  In  morbid  conditions  this  reaction  is  by  no  means  infre- 
quent :  it  has  been  commonly  observed  in  intestinal  inflammation,  acute 
rheumatism,  intermitt^t  fever.  Donn6  and  Frerichs  assert  that  acidi^ 
of  the  saliva  depends  on  an  irritation  of  the  buccal  mucous  membrane. 

The  specitic  gravity  of  mixed  saliva  varies  from  1.004  to  1.009.  These 
variations  depend  on  many  different  causes,  there  being  a  diminution  afUr 
the  taking  of  drink,  and  a  greater  increase  after  taking  food,  titan  even  is 
ob8er\'ed  in  the  fasting  state.     An  animal  diet  especially  increases  it. 

Under  ordinary  circumstances,  the  saliva  is  secreted  to  an  amount  of 
Quintity  of  from  15  to  20  ounccs  daily.  The  exudation  is  more  copious 
•*•"■•■  during  mastication,  speaking,  reading,  more  being  produced  by 
the  use  of  hard  than  soft  food.  Mental  emotions  exert  a  control  over  its 
flow,  sometimes  diminishing  it,  as  in  moments  of  anxiety,  sometimes  in- 
creasing it,  as  by  the  anticipation  of  food.  After  eating,  the  flow  contin- 
ues to  a  considerable  extent ;  it  is  also  provoked  by  the  use  of  aromaticB. 
On  irritarion  of  the  interior  of  the  stomach  through  a  gastric  fistula,  the 
flow  is  simultaneous  with  that  of  the  gastric  juice. 

The  movements  of  the  jaw  and  the  pressure  of  the  food  give  rise  to  va- 
riations in  the  quantity  of  saliva.  It  is  perhaps  for  these  reasons  that  the 
parotid  gland  on  that  side  of  the  mouth  which  is  most  used  in  mastication 
secretes  more  than  the  other.     Of  the  proportion  of  the  different  kinds  of 


coirenrmos  or  saliva. 

uliTA  in  the  nnxed  sccrotion,  notliing  is  known  with  ccrwinty  in  tlie  case 
of  inant  but  it  id  tiaid  that  in  horses  the  parotiiU  furnish  1wo  thiri:!^.  llii* 
mlmutxiUanes  one  twentieth,  and  tLe  eubliii(ni»lB  and  mucous  follicles 
the  nat.     Tbe  secretion  of  the  saliva  f^oes  on  during  sleep. 

To  tlic  acti\'e  organic:  tiiilistaiioc  of  the  nuHva  tho  designation  of  ptya- 
Unt  lute  Iwnn  given.     It  w  rcgurdtxl  u^  a  fornumt,  posaesniiig  in 
il  nwpcct)^  ih«  properti»t  of  dlastAse,  and  hence  luts  bocn 

Iktl  liy  Minlho  diastase  Kiliraire.. 

Vtir  the  purpoM  of  analysis,  sali^-a  should  lae  obiaioed  in  a  perfectly 
fnfh  ttAtf,  a  condition  not  easily  fullil]cd,  for  it  decomjwfi&i  or  changea 
irilh  ntpidily. 

I>urin^  tlie-HC  changes^  alkaline  carlwnatea,  for  example,  are  formed  in 
abandanc^,  tUoagh  they  may  liave  existed  but  to  a  small  extent  at  lirst. 
Wc  hare  already  seen  thiit  in  this  way  purotid  saliva,  ex-  conattiKtiotiof 
posed  to  the  air,  yiHdii  crystalH  of  t-arlKHiatc  <)f  liim-.  The  •■!•**• 
(bUoinog  table  is  presented  as  offering  an  example  of  the  a^vntge  uonsti- 
ndiaD  of  mixed  saliva. 

OmMitiMom  of  thr  Sa&tn  (t'rtrirlit). 

Wiiwr „ 3M.I0 

EliUliuliinii  and  mneas „.„      2.18 

F«t or 

J'tialinc  Mid  slcuhol  extnicc 1,41 

}$iil|-liooyiiui(l<i  of  jKiliuMiiiiD..... 10 

Fixed  «nlu g.l8 

IUUU.UU 

Of  the  fixM  salts  the  chief  are,  the  phosphates  of  soda,  lime,  and 
DBBa,  and  the  chlorides  of  sodiiun  ond  potassium.  The  snlplxMTyanidp 
of  potassium  mriM  in  amount  conHidrrably :  it  incrwises  after  menls,  and 
flsppcially  after  the  use  of  coiMlimcnts,  salt,  jjepper,  dpitfJii.  Tho»e  arti- 
cIm  whieh  rontuii  ^ulphur,a«  mustard, garlic, radishes,  increase  its  amount 
in  a  Tery  marked  manner. 

Not  only  docs  the  amliva,  as  deri\-ed  from  the  different  glands,  present 
diffoimcce  of  constitution;  it  likewise  dilfers  in  various  oni-  UndiiWaiiMw.' 
bhU,  and  in  the  same  aoima]  according  to  its  age.     This  is  ^  »i>v*- 
obaervBd  trvcn  in  the  case  of  man.     The  saliva  of  on  infant  at  the  breast 
pMonMca  very  little  power  of  saecharixing  starch,  a  transmutation  which 
thai  of  tho  aiinlt  accomplishes  with  energy. 

The  action  of  this  secrerion  appears  to  be  Hmitwl  to  starch,  and  certain 
>  of  sugar,  which  firat  yield  lactic  and  then  Imlyrjc  acid.  It  does  pol 
any  tuHuetice  in  transforming  albuminous  metier. 

The  saliva  dii^:]iargc«  many  functions.     It  is  u  ncce^tsary  intermedium 
m  the  aauc  of  taste,  for  mbstanccs  to  be  sapiil  Tnust  bo  more  pancUou  «f 
or  hsa  Holublc  in  this  juice..      If  insoluble,  they  are  tasteless.  ■•I'''*' 
It  «l«o  motstena  the  itiierior  of  the  mouth,  and  prevents  the  sensation  of 
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dryness.  Bnt  its  chief  duty  seems  to  Jie  that  of  promoting  the  digestive 
operation ;  for,  though  the  food  remains  in  the  mouth  but  a  short  time, 
the  action  of  the  saliva  is  prolonged  after  the  masticated  mass  has  been 
deposited  in  the  stomach.  Though  the  direct  admixture  of  saliva  with 
gastric  juice  injures  the  power  of  tlie  latter,  this  effect  does  not  ensue  in 
the  stomach,  since  they  act  for  the  most  part  separately.  The  action  of 
the  gastric  juice  is  superficial,  and  two  distinct  operations  are  therefore 
conducted  at  the  same  moment,  the  surface  of  the  food  changing  under 
Action  or  ihe  tbc  influence  of  the  gastric  juice,  and  the  inner  portion  under 
itoiirf'inThe  *^*  ^^  ^^  saliva.  I  believe  that  in  this  manner  the  salivary 
«toiMch.  juice  lends  itself  to  stomach  digestion,  for  it  is  well  known 
that  by  its  aid  starch  changes  into  grape  sugar,  and  the  transmutation 
does  not  stop  at  that  point,  but  goes  on  to  the  production  of  lactic  add. 
An  acid  juice  is  essential  to  stomach  digestion. 

Afier  the  administration  of  balls  of  starch  to  animals  in  which  gastric 
Production  of  fi&tulse  have  been  established,  sugar  may  be  detected  in  the 
Hugar  from  stomach  in  the  course  of  ten  or  fifteen  minutes.  It  does 
rtofimchbythe  "0*  appear  that  there  is  any  relation  between  the  quantity 
•^'^■'-  of  saliva  incorporated  by  mastication  and  the  quantity  of 

starch  in  the  food.  Animals  which  swallow  their  food  without  mastica- 
tion have  either  no  parotids,  or  those  organs  exist  in  only  a  rudimentary 
state ;  commonly,  however,  their  submaxillary  glands  are  large.  Un- 
der the  most  favorable  circumstances,  the  digestion  of  starchy  food  is 
'scarcely  ever  complete,  a  considerable  portion  being  found  in  the  excre- 
ment. The  true  function  of  the  saliva  has  been  well  illustrated  by  in- 
serting amylaceous  food  into  tlie  stomach  of  dogs  with  gastric  fistulse, 
after  tying  the  salivary  ducts,  in  which  case  no  sugar  can  be  detected. 

It  has  been  su^sted  that  the  eventual  arrest  of  the  action  of  saliva 
on  reaching  the  Stomach  may  be  duo  to  the  digestion  of  its  ptyaline  by 
the  gastric  juice.  In  artificial  experiments,  however,  such  a  digestion 
or  destruction  can  not  be  accomplished. 

The  double  digestion,  partly  salivary  and  partly  gastric,  occurring  in 
the  stomach,  is  doubtless  one  of  the  causes  of  those  differences  whicli 
have  been  noticed  between  the  natural  action  of  that  organ  and  the  arti- 
ficial imitations  of  it.  The  influence  of  the  saliva,  even  under  these, 
which  may  seem  at  first  sight  to  be  unfavorable  circumstances,  is  far 
from  being  trivial,  an  effect  which  is  well  illustrated  by  the  instantane- 
ous manner  in  which  a  solution  of  starch  in  water,  mixed  with  an  equal 
quantity  of  saliva  and  agitated,  is  transronted  into  a  solution  of  sugar. 
In  a  few  moments  its  viscidity  is  lost,  it  fails  to  give  the  blue  reaction 
with  iodine,  becomes  sweet  to  the  taste,  and  readily  answers  to  Trom- 
mer's  test. 

Besides  the  duties  which  have  been  mentioned,  the  saliva  incidentally 
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»ery>tnpIi»Upa  a  sccomlnry  object  hy  its  power  of  retaining  gases  in  its 
fwlii  ur  foam.  Atmospheric  OAygeu  by  thin  ineaii»  is  iiicor-  s«ii*»canfe. 
fontoi  with  tlio  food  during  Duaatiattion,  and  in  tliiig  uuilitRcl  iir  Uiiv  ib* 
to  exert  au  ini|tortiint  iiifltiiaicc  in  jirotnoting  tli«  action  of  "**"■*■''• 
the  (fastric  juice.  Fur  to  the  inception  of  the  change  which  that  juice 
iiupnaaea  on  tim  food,  oxygen  ia  neccBSorr.  It  is  brought  into  the  cav- 
ity of  the  stomach  entangled  or  diaaolvod  in  the  saliva. 

It  haA  jodt  liecn  mcntiowd  tiiat  the  action  of  saliva  on  atarck  ifl  not  re- 
•Iriott-d  to  the  production  of  sugar,  but  that  it  may  end  in  the  Uc,-iic*d4 
tbmuilion  of  lactic  acid.  If,  tlierefoiv,  any  thing  ijilcri'eiies  to  'u^^^fhy- 
cbeck  the  supply  of  hydrochloric  acid,  which  usually  gives  iln>pli!orie. 
aodih-  to  the  gastric  juices,  the  syaiem  (wsseasea  v/ithin  itaelf  the  meanfl 
of  uoin|K'njMiting  for  the  difficulty.  In  liic  interior  of  the  digesting  mass 
lactic  arid  in  U'iiig  net  fn-e.  Thin  nnd,  as  hna  long  htxm  known*  can  rv- 
plaoo  hy<lrochloric  acid  in  its  physiological  iluty. 

Though  BO  iargc  a  quantity  of  italiva  as  20  ounces  may  be  secreted  in 
a  Jay,  tiiis  Ix-inp  nUjut  one  Iialf  of  the  urin»ry  diBc-liarpr,  it  ia  to  bo  re- 
ntetnbered  that  the  water  hi  not  lost  to  the  system,  as  in  llie  latter  case. 
When  the  impure  habit  of  profuse  spitting  is  indulged  in,  it  ni_™,io-  tt- 
i»  interesting  to  reiUHik  the  rcfleeted  effect  whieh  takes  place  fcct  of  piAim 
la  the  reduced  <|UiuiUty  of  the  urine,  and  an  insiiiictivc  desire  •*'"*"  "*■ 
for  water,  a  kind  of  per|*ctua]  thirst.  It  is  probable  that,  under  those  dia- 
giuting  circumstances,  the  |)crcentage  amount  of  aalinc  sulMtances  in  the 
aalira  is  increased,  aixl  that,  so  &r  aa  tliat  clasa  of  Itodic?;  ia  concerned, 
the  aalivan-  glanda  act  vicariously  for  the  kidneys,  and  tlic  mouth  is  thus 
partially  errtiverted  into  a  urinaiy  aqueduct. 

The  relation  between  the  salivary  glands  and  the  kidneys  is  vcty  well 
shown  afrrr  die  aduiiniKtrntioti  of  such  imbstamics  a8  the.  E«Utionoruie 
iodide  ol"  potaswium.  If  live  gniinH  of  this  salt  Iw  taken  in  ^11^*1;^),^!"'' 
piUe,  and  tlio  mouth  be  then  thorouglily  washed,  in  the  course  wtb. 
of  a  i|uarter  of  an  Imur  the  saliva  will  readily  strike  a  blue  tint  when 
lestod  witli  niiric  acid  and  titan-ii,  but  the  urine  will  not  show  iliat  reac- 
tMi  ontil  after  a  considerable  inter\'al,  perhaps  e^'cn  an  hour  or  more.  It 
would  iherctore  appear  that  such  a  salt  tiuist  pa^s  again  and  again  through 
the  aalivar}'  glands  before  it  is  fuiidly  diapoued  of  by  the  kiducys,  which 
60a  thu  only  outlet  for  ittf  total  lumovaL 

Among  tlie  functions  of  the  saliva  we  ought  not  to  overlook  tbo  iii6a- 
eooe  wliiuh  its  rapid  eecretion  must  exert  on  the  state  of  tension  of  the 
UiKiil-vttBela,  an  iuilaeDce  which  probably  fuvon  the  a>»aarption  going  on 
m  tlie  atooiacli  and  intouinea. 

Thus  |irepand  ity  mastication  and  insalivation,  the  food  descends  into 
the  iitotna4^h,  paasing  along  the  pharynx,  which  dilatea  to  receive  it.  The 
rima  glottiditi  sponUtteously  doaea,  and  additional  security  is  given  to  tlie 
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Ir.  1. 


rpspiratory  passage  by  ibe  valve-likt'  chultijig  of  the  i-piglottis.  Througli 
the  (CisophagUB  tiie  morsel  advaiicx's  by  the  coiilractioi]  of  the  muHCulKr 
oo»t,  with  a  wav-e-Uke  or  undulating  motion  onwnrxl.  The  fo€>d  is  now  dc- 
livrrrd  ill  the  cardiac  orifice  of  the  stomacli,  ar»J,  enlcring  that  organ,  ia  suh- 
mittfd  to  the  gastric  juice,  wliidi  ia  rjcuding  from  the  miicoua  niombntiie. 
Tlie  digestive  tract  may  be  consitlcrrr!  as  pppscnting  six  promineat  i»- 
tUtuintkia  of  P'**"^ — *'***  "!<*"*''•  ^^  pharynx,  the  tt-sopluifius  thi.'  rtomacb. 
tlMdi«Mdv«  Uw  small  intestine,  the  Urge  intestine.  Thtlr  rtlatire  posi- 
tion and  aubdivieious  an;  illnstmted  in  Figure  3. — 1,  the 
tDiipue;  2,  2.  tlie  phiLrynx;  3,  3,  thir 
Gcaophagufl ;  4,  the  velum  j)cndulam 
|ialati;  i\  iH-ction  of  tlic larynx:  6.  tlie 
palate:  7,  the  epiglottis;  8,  the  thy- 
roid cartilage;  if,  the  mcdnlla  apinft- 
lia;  10,  HI,  bodies  of  Tcrtcbnc;  11, 
12,  itpinous  pittoeasca  of  ditto;  13, 
canliac  orifice  of  stomach ;  14,  splmic 
extremity;  15.  pyloric  extrcniitj- ;  16^ 
IG.  greater  ciin'atarc;  17,  the  leas 
ciirvaiiire;  18,ijylomfl;  11),  fiijicrior 
tran^vtrse  portion  of  dumlaitiin;  20, 
middle  or  perpendicular  portion;  21, 
inferior  transverac  portion ;  22,  gall- 
thid<ler ;  2^1,  cyetic  duct ;  24,  Iicjmlic 
duct;  2o,  ductna  communis  choledo- 
chus ;  2G.  its  aperture  in  the  duode- 
num ;  27,  duct  of  the  paiicrean,  empty- 
ing into  tile  tluodenum  near  f  o  the.  place 
of  I'Jitryof  ihednctiu*  communis  chole- 
dochtu;  28,  romrii<^ncement  of  jeju- 
^'V^  hum ;  29,  2J>,  2«,  jejnnnm  ;  UK  .It),  30, 
I* ileum;  31,  ileum  o|»rning  into  great 
intealiue;  32,  ileo-collc  valve;  3;t,  il- 
co-cwcal  valve ;  34,  ctvcom :  35,  ap- 
jpcudix  vermiformis;  8C,  36,  the  aa- 
ccnduig  colon ;  37,  tra]isver»e  arch  of 
colon :  36,  dcaceiiding  colon ;  39,  aig- 
iDoid  tlejiure ;  4U,  rectimi ;  41.  anus. 

From  the  interior  or  mucous  coat  of 
tlie  Btumacli  the  gaatric  juicr  exudes. 
This  Hnid  may  be  liest  obtained  for  ex- 
amination by  gastric  fistuhe  artiticiatly 
Twinnn«4ig»t,rrin«i.  c8taUishe<l  iu  attimala.  As  respects  ihe 
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msptcimthe  intprior  of  the  stomacli,  Pr.  Bpnumont,  who  linii  &n  opportuni- 
Ijr  oi  exanuning  it  in  the  case  of  Alexis  iSt.  .^llu-ti»,  describes  a,j„<i  ^  inu>. 
it  u  of  a  light  \nn\s.  color,  its  velvety  Burtace  tdiig  coated  riutofjtoaiatk 
ortT  with  manifi'.  On  the  introdiictioQ  of  food  or  any  irritant,  lucid 
points  protrude  from  the  mucous  coat :  these  ore  the  mouths  of  the  I'oUi- 
de»  from  whieh  tlic  juice  exudc«.  \Vhfu  iti  activity,  the  temperaluro 
of  the  interior  of  tlic  or}^in  is  alwut  KH)^  Kalir. 

TIm!  jTitatrie  juice  i»  a  viscid  Huid,  witli  aii  acid  reaction  aud  faint  odor. 
AiWr  liltmtioD  ihrough  paper  it  is  clear  and  transporeDtr  and  tih  gutrit 
poaiKiurn  all  ila  phyi^iological  qimlitins.  The  impurities  thus  J"''^- 
•eporaiiid.  from  it  iire  merely  old  undigested  residues,  on  wliich,  in  no  re* 
gpvct,  ita  i[a»litieft  dcpi-nd.  It  Joes  not  Ixx-onic  turbid  at  212^,  remains 
toog  ondecom[<oscd,  and  retains  \t»  digestive  power  even  after  it  luia  be- 
OOtne  mouldy.  It  doen  not  accumulate  in  the  stomach' while  foiiting,  but 
nquins  a  stimulujit  for  )(«  ejeetion,  ajid  even  then  i.s  produced  in  a  limit- 
ed i[aa»lily  oidy.  Itis  M\Tn:l<-d  by  thetollieluH  of  the  muuou£  membrane 
of  the  Hiomadi.  which  fi.>llicU»  may  be  dcserilH'd  as  eu|>-sha]x^  caWtica, 
•boat  the  two  hundnxltli  of  an  inch  in  dtiuiietcr,  from  the  bottom  of  which ' 
{VOfecl  two  or  niorc  porallel  tube»,  the  mouth  of  the  eup  open-  itbtMnicdbv 
10^  into  ihc  stomnchr  and  tlie  tubes  ending;  in  a  closed  te.rTn-  foIl*rl««. 
inatton  in  the  tiswue  !)enealh.  Toward  tlit^  pylorus  the  cups  become  deep- 
er, so  a#  10  assume  the  form  of  a  cylinder,  and  the  projeeting  iuhe«  are 
•tkorter.  Between  the*e  follicles  blood-vesaels  pass.  They  are  ramifica- 
tiotts  from  tlic  cu-liac  axis,  and  diiti-harge  u  double  function.  Aa  the  ai^ 
bnuiehes  invest  tlic  lootd  of  the  tubce,  they  furnitih  imttilion  for  the 
which  are  produced  tn  crowds  at  that  part  of  the  arraugeuiciit ;  but 
vfaen  they  luivo  gained  the  interior  of  the  mucous  membrane,  and  are  in 
the  ridges  between  the  follicles,  Iiaviii^  assumed  the  character  of  vcins^ 
they  act  as  alxsorWnts,  eonrhirting  the  niatcrial  which  is  sufiiclcntly  di- 
geatM  into  thf  [Kirtal  circulation.  Agreeitbly  to  tins,  these  vcasiJa  have 
ft  larger  diameter  than  capillaries  generally.  It  seems,  therefore,  tliat  the 
fbnction  of  the  tuU;  is  the  production  of  celli*,  which,  originating  from 
genna  at  thi?  In^ttom  and  sides  of  each  lube,  become  periected  as  they  pass 
fiffwardt  and  soon  ai^er  thetr  extcn^n  burst  or  deliquesce,  and  as  the 
OMlerial  they  diseliarge  doci4  not  {ioshcsh  the  acid  rcactioiit  it  is  probably 
the  pcpain  dctnent  of  the  gastric  juice. 
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STOMACH   FOLLICLES. 


Fig.*. 


The  preceding  table,  from  Hubbenet,  shows  that  nearly  two  thirds  of 
Pro  eriie*  of  ^^^  ^°''^  material  of  the  gastric  juice  is  pepsin.  Exposore 
the  gn»tric  to  a  very  low  temperature  docs  not  deteriorate  the  properties 
Juice.  ^^  jii^g  substance,  for  it  will  resume  its  activity  evrai  after  be- 

ing frozen.  But,  on  the  contrary,  a  temperature  approaching  ebullition 
destroys  its  solvent  power,  and  the  same  effect  ensues  when  it  is  neuttal- 
izcd  by  an  alkali. 

The  gastric  juice  acts  on  iron  or  zinc  with  evolution  of  hydn^en,  an 
effect  which  the  acid  phosphate  of  lime  can  not  produce.  This  seems 
to  be  decisive  against  the  views  of  those  physiologists  who  have  imputed 
its  reaction  to  the  latter  substance. 

The  digestive  power  of  this  juice  is  impeded  by  the  presence  of  almost 
any  alkaline  salt.  To  this  remark  common  salt  offers  no  exception.  It 
is  owing  to  its  alkalinity  that  saliva  injures  the  digesting  power  of  gas- 
tric juice.  On  the  contrary,  that  power  is  very  much  increased  by  the 
presence  of  fat,  w^hich  promotes  the  conversion 
of  protein  bodies  into  peptones. 

The  mucous  membrane  of  the  stomach  pre- 
sents a  reticulated  appearance,  as  shown  in  I^iff. 
KinniBch  foiii-  4.  At  the  bottom  of  each  compart- 
tSr'"i;t^  «><="*  are  the  mouths  of  the  gastric 
and  functions,  folliclcs,  the  sizc  and  depth  of  which 
increase  toward  the  pylorus.  Their  exterior  is 
partly  covered  with  columnar  epithelium,  which  extends  over  the  inter- 
Fig-i.  vening  ridges ;  the  residue  is  glandular,  and  continu- 

ally gives  origin  to  granules.  The  upper  part  of 
each  follicle,  as  well  as  the  entire  surface  of  the  mu- 
cous membrane,  is  usually  covered  with  mucus. 

In  J^iff.  5  is  a  representation,  given  by  Todd  and 
Bowman,  of  stomach  follicles  and  their  tubes  in  a 
vertical  section.  The  specimen  is  from  the  dog  af%er 
twelve  hours  fasting.  A  represents  these  structures 
in  the  middle  region  of  the  stomach ;  B  in  the  pylor- 
ic region ;  a  a,  orifices  of  the  follicles  on  the  inner 
surface  of  tlie  stomach ;  6  b,  different  depths  at  which 
the  columnar  epithelium  is  exchanged  for  glandular ; 
d,  pyloric  tubes  terminating  variously,  and  lined  to 
their  extremities  with  columnar  epithelium. 

J^i'g.  6,  A,  horizontal  section  of  a  stomach  folli- 
cle a  little  way  within  its  orifice ;  a,  basement  mem- 
brane ;  b,  columnar  epithelium.  All  but  the  centre 
of  the  cavity  of  the  cell  is  occupied  by  a  transparent  mucus,  which  seems 
to  have  oozed  from  the  open  extremities  of  the  epithelial  particles ;  c, 
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matrix  siirrotinding  and  supporting  the  basement  membrane ;  tl, 
sraall  lilooti-v<>!»M!*. 

B,  liorizonl-il  MCtioT)  of  a  oet  of  tctomach  tubes 
procewling  from  a  single  cell.  'ITie  letters  refer 
to  corresponding  parts.  Tlie  epitheliam  is  glan- 
dular, ttie  nuclei  very  deJtc&te,  and  tbo  ravity  of 
the  tubes  very  ntiiall,  and  in  nomo  cases  not  visi- 
ble. (Krom  tlu>  ilo^,  by  Todd  and  Bomnan,  after 
twelve  hours'  fasting.) 

It  thus  appearfi  that  there  are  at  least  two  dis- 
tinct classes  of  stomacli  follicles,  differ-  Vurtpii  f 
ing  from  each  other  in  anatomical  con-  n«fi»oli  fol- 
atniction,  and,  as  there  is  now  reason  to 
believe,  also  in  phyHiuIogical  function,  those  wUieJi 
are  near  the  pylorus  yielding  a  wi-rction  wbirli, 
taken  by  itsclt^  eserts  only  a  tardy  action  in  pro- 
ducing the  fwlutinn  of  proteiu  bodies,  lint  thow 
from  the  middle  and  other  portions  of  the  tftptXi 
accomplishing  that  solutiim  promptly.  It  is  8U»> 
peded  that  the  acid  of  thi'  gastric  jtiicc  is  \ncldcd 
by  one  class  n(  tln-sc  «tnn,'ture.s,  and  rhc 
pe[»*in  by  the  other. 

A  gi-nenU  idea  ot' the  !<lTiic1im*  of  these 
»^reting  fotliclcB  may  perliaps  be  obtained 
by  likening  each  of  tliPJii  to  a  little,  glove, 
llie  hand  of  wliitdi  Ojjciii*  into  the  Hlonmcli. 
and  l)ic  fingiTs  jirojivt  u[Kin  tlie  sulmntRouf* 
tissue  Iwncftth.  From  the  sides  and  lip  of 
f«ch  titiger,  cells  may  V  siipiio-MNi  to  arise 
continually,  and,  as  they  are  crowdc*!  for- 
wanl,  they  undergo  development,  leaving 
the  liand  in  a  |>crfect  condition,  and  deli- 
quescing as  ihey  pass  into  the  stoinaclu 

Though  we  have  8|>okcii  of  these  folli- 
clfi«  as  exravatiorts  or  {!U]>-iike  deprftasions 
in  the  murous  tissne.  noronling  to  the  dc- 
wription  nsuaUy  given  of  them  „^^j  ^^ 
hf  anatomiittjt,  it  Is  to  be  \mder>  rtrurtioii  «f 
stood  that  tl.i.^  view  of  thfjr  wm-  •^^"•"•^ 
>      ^    stniction    is    philodopiiically   incorrect,  for, 
r  ^,    '^^f  instead  of  being  a  mere  ejcca\-ation,  ta 
/(        tnilv  a  distinct  organifini.aiialdgoup  iti  struc- 
ture and  many  of*  its  functions  to  u  |igly|ic. 
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The  hydra,  a  fresh-water  polype,  may  be  taken  as  the  type  of  this  organ- 
isni.  Tliis  aniraalf  IFig.  7,  consi.-jts  of  a  bag  or  digestive  sac,  a  a,  end- 
ing in  a  cyUndcr,  b,  the  opening  to  which  is  fiimished  with  numerous 
tentacles,  c  c  c  ;  the  tentacles  enfold  in  their  gtasp  objects  on  which  the 
hydra  feeds,  and  by  their  contractions  carry  them  to  tht)  sac  Into  the 
interior  of  the  sac  a  juice  exudes  possessing  digestive  poorers,  and  soon 
dissoh-ing  food. 

We  may  therefore  regard  the  follicular  Btnicture  of  the  ^mach  as  a 
colony  of  polypes,  the  tentacles  of  which  are  converged  into\a  muscular 
tube,  constituting  the  oesophagus.  In  a  stomach  of  ordinarAsize  there 
arc  probably  a  million  of  these  organisms.  Digestion  is  undoubtedly 
conducted  on  tlic  same  physical  principles  in  both  cases,  thong1;i  in  the 
pol>-pe  the  food  matter  enters  the  follicular  cavity  of  which  the  bpdy  of 
the  animal  consists,  but  in  man  is  contained  in  the  stomach,  into  Vhich 
the  follicles  open,  and  pour  forth  their  digestive  Btiid. 

With  respect  to  the  acid  constituent  of  the  gastric  juice,  it  appears  to 
be  hydrochloric  or  lactic.  The  latter  has  probably  originated  in  the  man- 
ner just  described  by  the  action  of  the  saliva  on  amylaceous  bodies ;  the 
former  undoubtedly  comes  from  the  common  salt  ingested.  Perhaps,  un- 
der a  deficiency  of  common  salt,  lactic  acid  discharges  the  entire  duty. 
Schmidt  regards  the  digestive  principle  as  a  conjugated  acid,  the  nega- 
tive constituent  being  liydrochloric  acid,  and  pepsin  being  the  adjnnct, 
the  comjjound  being  analogous  to  ligno-sulphuric  acid.  About  twenty 
Quantity  of  parts  of  gastric  juice  are  required  to  digest  one  part  of  diy  al- 
gMtricjuice.  ijumen,  and  alrout  70  ounces  are  secreted  in  a  day.  If  the 
hourly  destruction  of  fibrin  in  average  muscular  action  is  62  grains,  about 
60  ounces  of  gastric  juice  would  be  required  each  day  for  muscular  repair. 
A  very  large  demand  is  therefore  made  upon  the  water  in  the  system  for 
this  use.  But  here  the  same  remark  is  to  be  made  as  in  the  case  of  the 
saliva ;  the  water,  after  accomplishing  its  object,  is  not  lost  to  the  econ- 
omy, but  is  immediately  reabsorbed. 

It  was  remarked,  in  speaking  of  the  salivary  glands,  that  their  secre- 
Re  atcd  a^  *'°"  passcs  repeatedly  through  them,  the  saliva,  as  it  exudes, 
■Migr  of  extra-  being  swallowed,  reabsorbed,  and  so  secreted  over  and  over 
thromj^he  agJ"^  I"  thcsc  repeated  passages,  many  salt  substances, 
Rkmimch  foUi-  such  as  the  iodide  and  bromide  of  potassium,  will  accompanr 
it,  the  kidneys,  however,  eventually  removing  such  extraneous 
bodies.  In  like  manner,  heterogeneous  matters  will  make  a  repeated  cir- 
culation through  the  gastric  follicles  before  a  final  removal  by  the  kid- 
neys. WTien  the  latter  organs  liave  been  extirpated,  the  constituents  of 
their  secretion,  such  as  urea,  may  appear  in  the  stomach. 

On  the  deposit  of  the  food  in  the  stomach,  a  movement  of  translation 
is  given  to  it  by  tlie  alternate  contraction  and  relaxation  of  the  fibres  of 
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coat,  nideJ  to  a  considerable  extent  by  the  respirator)- 
of  till;  alKlominal  walls.  The  course  of  this  ro-  yo,i„„  „#  .^p 
tatton  commonly  is.  tlial  nfler  passing  tlie  cardiuc  oriHce  the  fovd  in  th« 
fcNMl  Movca  from  right  lo  Ictt  round  tlio  grral  cxlMiuily.  anil  **"*'  ' 
then  along  thf  largv  rttrrntun*  from  Im  to  right,  returning  along  the  small 
cnrvatniv,  and  ocmpying  irom  one  to  three  minutes  to  perform  this  rero- 
htlion.  t|u-  motion  continuing'  for  a  few  minutes  at  a  time. 

While  thi:;  is  going  forHard  digestion  is  rapidly  taking  place,  anJ  th« 
pMticms  whtcii  have  suffered  complete  action  are  oozing  through  iho  py- 
loric ralve  into  the  intestine  aa  a  scmi-Huid  and  appaivntly  Fonnfttkinof 
boRiagraeous  material  called  ehyme.  Tiiia  process  has  tairly  """y"**- 
set  in  in  tlio  course  of  an  hour,  and  is  usually  finished  in  about  four. 
In  consistency,  color,  and  chemical  rcactifin,  the  ehynni  x-ariea  with  the 
aMtire  of  th«  fooii.  its  chemical  constitution,  and  its  quantity ;  but  under 
oonnnon  circumjitances  it  pr&senta  the  acid  reaction,  for  it  is  to  be  remem- 
lierol  that  the  diumul  snpply  of  hydrochloric  acid  to  the  stomach  is  about 
Ibe  tifth  of  au  ounte.  Arrived  in  the  intestine,  the  chyme  is  puahed  for- 
wanl  by  the  peristaltic  movements,  and  soon  after  its  appearance  in  tlic 
doodeirum  is  mixed  with  several  im|>ortant  fluids — tlic  bile,  wliicli  is  for- 
niclied  by  the  liver,  the  seun>ti<in  of  (lie  pancreas,  and  the  enteric  juice 
which  U  exading  from  Drunncr's  glands. 

The  digestion  of  the  albumbons  part  of  the  food  eommeneea  in  the 
vtotnodi,  and  in  that  carity  ad%-ancofl  far  toward  completion.  Smninny  of 
Tbo  action  ia  not  merely  for  tJie  purpose  of  bringing  those  jj^l^^" 
ntlMitances  into  a  state  of  solution  in  water,  but  also  of  modi-  the  •tomadi. 
fyisg  Uiem  chemically.  Tliis  cliangc  is  ao  well  matted  that  it  has  been 
tonad  expedient  to  indicate  it  by  u  designation,  and  hence  we  6|icak  of 
albumen  peptone,  tibrin  {tcptonc,  casein  ])eptonc.  Tbene  peptones  are, 
for  tbe  most  part,  absorbed  by  the  blood  cnpilluries,  though  a  portion  of 
Umb)  enters  tlie  eireulalion  as  a  constitnr-nt  of  c-liylc.  In  tlic  system, 
vfaaterer  their  origin  may  have  been,  they  nccm  to  revcit  to  the  state  of 
blood  olbnmr-n.  Rut,  though  the  production  of  the?e  i»cptones  is  acoom- 
pliabed  to  the  extent  that  has  been  mentioned  in  the  stomacli  by  the  gas- 
Iric  jaic*',  ilie  action  is  continued  and  brought  to  its  completion  in  the 
MBaO  intestine  by  the  aid  of  tlie  intestinal  juice.  It  does  not  ap)>ear  tliat 
the  iMTgR  intestine  pnrticipatea  in  this  duty,  pincc  portions  of  coagulated 
aUmncn,  or  of  tlesh  introdaoed  into  it  tltfough  listuloos  openings,  ore 
foidad  through  the  rectum. 

Sach  is  the  gi*nrral  description  of  the  act  of  digestion.     Weliave  next 
to  enfrr  on  a  physicnl  examination  of  what  it  is  that  really  fns„M,„Qr 
lilcea  place  in  the  stomach.     Ir  was  formerly  supposed  tliat  tb«  nerve*  oa 
di|^»on  is  entirely  doc  to  nervous  agency,  since,  if  the  piicu-  '"*'**^ 
iMgaatnc  nerves  be  divided,  the  prooesB  is  very  much  interfered  with. 
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Bat  this  interference  takes  place  only  in  an  indirect  way,  for  the  section 
of  those  nerves  is  atteuded  with  such  a  paralysis  of  the  stomach  that 
those  movements  which  so  well  sen-e  to  mix  up  the  food  with  the  gas- 
tric juice,  and  expel  it  through  the  pyloric  valve,  are  put  an  end  to. 

Bidder  and  Schmidt,  from  an  examination  of  four  dogs  with  gastric 
Effect  ofsection  ^^^"^  demonstrated  that  the  section  of  the  pneumogastric 
of  the  pneumo-  ncn'cs  does  not  exert  that  influence  on  tlie  secretion  of  the 
gu  nc  nenes.  gj^^jj^^,  juj^e  which  Iiad  been  formerly  supposed,  for  both  in 
qnantity  and  composition  it  remained  the  same.  Even  in  those  cases  in 
which  both  they  and  others  have  observed  a  diminution  in  its  amount, 
the  result  ought,  probably,  to  be  referred  to  the  shock  given  to  the  entire 
system  by  the  severity  of  the  operation. 

The  acidulating  material  of  the  gastric  juice  is  hydrochloric  add.  Is 
it  possible  by  artificial  mixtures  containing  that  substance  to  reduce 
food  articles  to  a  digested  condition  ?  This  inquiry  introduces  a  descrip- 
tion of  the  experimental  investigations  which  have  been  made  in  artificial 
digestion. 

When  water  acidulated  with  hydrochloric  acid  is  kept  in  contact  witli 
Artiflcikl  di-  albumen,  no  action  is  perceptible  at  ordinary  temperatures  in  a 
geatioii.  moderate  period  of  time.  If  the  temperature  is  raised  to  about 
150°  a  slow  dissolution  ensues,  which  becomes  better  marked  as  the  heat 
rises  toward  212°. 

But  if  to  the  weak  hydrochloric  acid  thus  made  to  act  on  albumen, 
pepsin  is  added,  tlie  solution  takes  place  with  rapidity  at  moderate  tem- 
peratures. An  ounce  of  water,  mixed  with  twelve  drops  of  hydrochloric 
acid  to  which  one  grain  of  pepsin  has  been  added,  will  completely  dis- 
solve the  white  of  an  e^  in  two  hours  at  a  temperature  of  100°.  It 
acts  in  the  same  manner  on  cheese  or  flesh,  these  nitrogenized  article.^ 
being  converted  into  soluble  non-coagulable  bodies.  The  acid  does  not 
enter  into  chemical  combination  with  the  dissolving  organic  matter.  It 
may  be  recovered  from  the  solution  by  resorting  to  proper  processes. 

When  striated  muscular  tissue  is  submitted  to  artificial  digestion,  it  is 
Artiflci*!  di-  ^^^  divided  into  its  constituent  fasciculi,  and  the  transverse 
fteBtionofma»-  strife  then  disappear,  the  sarcolemma  being  destroyed.  The- 
course  of  the  action  seems  to  be  the  same  in  natural  diges- 
tion. In  the  foccal  matter,  shreds  of  muscular  fasciculi  still  bearing  their 
striation  may  be  discerned.  These,  having  by  chance  escaped  solution 
during  their  sojourn  in  the  stomach,  have  passed  through  the  whole 
length  of  the  digestive  tube  unchanged. 

Pepsin — the  substance  resorted  to  in  these  experiments — may  be  ob- 
„     .  tained  by  maceratinsr  tlie  mucous  membrane  of  the  stomacli 

Pepsin,  prep-  ■'  -      i    i  mi  ■ 

ftration  and  for  a  short  tmie  m  lukewarm  water.  This  water,  along  with 
propertiM  of.  ^  p^  of  the  pepsin,  removes  various  impurities ;  it  may  there- 
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east  ftwuy ;  the  maceration  Iwing  liicii  continued  willi  a  fi^esh  por- 
of  colli  water,  and  llux  being  eubtnittetl  to  liltrulioii,  uiiil  subsfcjucnt- 
If  evaporated  at  a  low  tunij>craturu  to  dr}'nc»»,  yieldn  tliv  {)o.psin  aa  a 
gammy  maaa.     Froiii  its  tululions  pepsin  may  be  precipitated  by  corro- 
sive sablimate  or  acelntc  of  lead,  and  it  may  bo  eepumtcd  from  those 
Eeanbittaiiona  by  sulphurcted  hydrogen.     Waatnanu  availed  him^df  ot' 
:t  to  obtaiD  it  in  a  putn  state. 
ChmfKuiiioinj/' i'rjtriM.     (KnfM  SrJkmmfl.) 
fju-Kin r.3n.oo 
Il|<lrutieD C7.00 
KitrcKeu 179.00 
OxrpM 826.00 
iooo.oo 
this  it  would  ttp|>ear  that  it  contains  less  carbon  and  more  nitro- 
gen iluin  the  members  of  the  protein  grou]). 

A.  weak  acid  therefore  |ioH8Cssci)  at  a  liigh  ttmipcrulurc  the  power  of 
i^nc  into  a  ettalc  of  solution  tUo  various  nilrueeni^ied  food  . 
liters,  and  at  lower  degrees  fails  ot  tlnit  property;  but  in  iiUcn > itteh 
the  presence  of  pepsin  die  solvent  powers  are  assamcd  un-  '"»tw™w«. 
der  the  latter  circuniKtonccs,  and  ihorcforc  it  is  said  of  this  substance 
that  it  replaces  a  high  1cm])cratiirc.  By  its  did,  hydrochloric  or  lactic 
acids  present  in  the  dtomuch  rcduee  (he  food  lo  a  ttnifonu  pulpy  maBu 
— ibe  chyme.  Of  ail  agida,  thefic,  iiowover,  alone  are  capable  of  forming 
fl^estivc  tiaida. 

Fomicrly  it  was  supposed  that  the  act  of  digoation  was  simply  luc- 
^anical.  (be  food  bcin;'  ground  down  to  clivnic  bv  the  mo-  „ 
IKNW  of  the  stomaeli.  Kcaunmrs  e.\pcninents  showed  thi.-  |wririKniawiiii 
emw  of  this  supposition.  He  took  small  hollow  silver  bull.s  "'''"  ^■''*' 
perfbrattd  with  holes,  and,  having  tilled  llieiii  with  meal,  cau.-t<.Ml  ihem  to 
be  i»waIU)wed  by  a  dog.  When  they  bad  remained  in  the  oniniars  stom- 
ach a  suilable  length  of  time,  they  were  withdrawn  by  a  tlircad  which 
Lad  boon  pircviously  attached  to  them.  Now  if  the  stomiurh  iicted  by  a 
^^  Iriiarating  or  grinding  [xjwer.  the  material  within  the  boll  would  be  cn- 
^B  tiiely  prolcdcd.  but  if  by  a  solvent  power  exerted  by  the  gastric  juice, 
^  the  digestion  should  at  most  be  only  delayed.  Accordingly,  ii  was  found 
tliat  this  was  what  actually  took  jdacc,  digestion  being  fully,  though  more 
alowly  accomplished,  the  action  commencing  on  the  outijiile  of  tlie  mate- 
rial, and  gnidnally  rciehing  ita  centre.  If  the  balltf  were  kept  lu  the 
ylomocli  long  enough,  ihey  came  out  <|uite  empty  at  last. 

The  idea  tliat  tbcrc  is  somclhing  more  llian  a  simple  solution  of  the 

ted  in  the  stomndi,  lliat  some  mysterious  change  ia  ci)ierai^t«r 

led  uiKjn  it  by  the  vitality  of  that  organ,  may  tlicre-  Jj^'ji^'iSi^ 

Ibni  Lc  abandoned.     It  docs  not  appear  titat  ibcre  is  any  e»-  iu>B«rtiwriMd. 
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sential  difference  between  natural  digestion  and  the  artificial  imitation  of 
it,  either  as  respects  the  order  of  action  or  the  Hnal  resolt.  Moreover, 
the  anatomical  consideration  that  the  food  is  yet  outside  the  body,  thou^ 
it  is  inside  the  stomach,  should  be  Buihcient  to  remove  all  errors  of  that 
kind.  A  living  sur&ce,  such  as  the  skin,  never  exerts  any  chemical  ac- 
tion at  a  distance ;  and  the  lining  membrane  of  the  stomach,  both  as  re- 
gards its  physiological  origin  and  its  anatomical  relation,  is  nothing  more 
than  a  reflected  continuation  of  the  skin.  The  act  of  digestion  is  com- 
pleted long  before  the  nutrient  material  is  taken  up  by  the  laeteals  and 
veins,  and  thrown  intq  the  torrent  of  the  circulation.  But  then,  and  oot 
till  then,  is  the  food  fiiirly  in  the  interior  of  the  body. 

The  laeteals  and  veins  can  not  exert  their  absorbent  action  on  a  sub- 
stance presented  to  them  unless  it  is  dissolved  in  water.  ,  If  not  abso- 
lutely dissolved,  at  least  it  must  be  in  tliat  condition  of  minute  subdivis- 
ion whicli  we  see  in  emulsions.  Though  it  lias  been  stated  that  insolu- 
ble substances,  such  as  charcoal,  can  find  their  way  into  the  circulation 
in  the  solid  state,  there  does  not  appear  to  be  a  sufficient  weight  of  evi- 
dence to  support  such  an  improbability.  In  the  economy  of  plants,  it  is 
In  plants,  all  *  general  rule  that  nothing  can  have  access  to  tlie  interior  of 
nntricnt  mate-  their  System  except  it  be  dissolved  in  water.     All  the  vari- 

risl  muHt  be  in  i       t  i  •  i      •       i  ■ 

totatioD  in  w»-  ous  gascH  auQ  salme  substances  they  require  are  obtained  in 
^'-  a  state  of  solution ;  the  former  are  introduced,  for  the  most 

part,  through  the  leaves,  the  latter  through  the  roots.  The  object  aimed 
at  in  the  construction  of  the  digestive  apparatus  of  the  animal  mechanism 
is  absolutely  the  same.  Plants  use  as  their  food  inorganic  matter  only ; 
the  chief  materials  on  which  they  depend,  such  as  the  salts  of  ammonia 
and  carbonic  acid,  are  abundantly  soluble  in  water.  The  ascending  sap 
obtains  the  former  from  decaying  organic  residues  in  the  ground ;  the  at- 
mosphere presents  the  latter  unceasingly  to  the  leaves ;  and  since  the 
economy  of  many  plants  requires  earthy  salts,  as  silicates  and  phos- 
phates, which  are  of  sparing  solubility  in  water,  the  difficulty  arising  from 
tliat  want  of  solubility  is  avoided  by  the  introduction  of  an  immense  quan- 
tity of  water,  which,  after  bringing  into  tlie  plant  the  needful  amount  of 
mineral  material,  is  evaporated  off  at  the  leaves.  But  the  food  of  animals 
is  essentially  organic,  and  this,  before  it  can  be  received  into  their  blood, 
must  be  brought  into  the  dissolved  state.  It  must  be  submitted  to  a  pre- 
paratory operation  or  series  of  operarions.  However  complicated  these 
The  opemtioni  ^^  ^^^  mechanism  which  accomplishes  them  may  be,  the  end 
on  the  food  u«  aimed  at  is  clear.     The  action  begins  by  the  cutting,  tearing, 

purelv  chenuc-         .  ,.  i«iii-i,        ii  11 

Klandmecbui-  and  crushing  movements  of  the  teeth,  wluch  break  down  all 
'^*  the  larger  portions,  and  carry  on  the  process  as  far  as  it  is 

possible  by  mechanical  means.  The  stomach  then  continues  the  subdi- 
vision by  chemical  agency,  to  the  end  that  a  condition  of  solution  may  be 
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Digestion  is  not,  thrn^ore,  to  vitalize  the  food,  ae  the  nnripnts 
jpoaedt  nor  to  communiciitc  to  it  any  new  or  obiicarc  pmpertitvt ;  it  \g 
br  the  purpose  of  commi  tinting,  siilMli\-i(Uiig.  difwolving,  or  bringing  it 
into  that  minutrlj  RTi<>poj\dc<l  Rtatc  that  it  can  withont  dilHcnlt^'  Mubnut 
to  tlic  absorbing  action  ol'  the  lacteal^  and  x-eins.  There  is  a  complete 
ABftlogf  between  this  operation  and  the  artiticiul  procesuwH  to  which  the 
chemist  rvflortu  in  liia  labomtory'  for  tlie  solution  of  various  bodies.  He, 
too,  uses  mechanical  implements — :he  mortar  and  j)eslle  togriniUlhe  ham- 
■wr  to  cniith,  ibe  ni.-'p  to  abnulo.  AMion  tli<>w^  Ikivc  mrrird  the  aiiIkU- 
visiaa  eufficii'jitly  tar,  he  n'wjrts  to  iiridii  or  other  solvents,  and  thus 
fapskx  down  the  compactness  of  the  hardest  minerals,  and  bringii  them 
mto  (Kij  diflsolvol  state.  Tlie  animal  world  prt\rM*nt»  us  witii  a  ihim^und 
niuiitnitiona  of  the  principles  here  act  forth,  mechanical  contri>iuiccs  curi- 
oosly  nrrangcd.  For  instance,  Urtl*,  whose  plan  of  organization  i.-t  i»uch 
MB  lo  meet  tlio  case  of  locomotion  through  the  air,  could  not  hiivo  ihe  :(u- 
terior  jHirt  of  tliirir  Indies  loaded  with  teeth,  accompanied  as  tlicy  must 
bsTC  been  with  a  powerful  miiHcular  H|)|KLratiis.  Such  it  mrviinnism 
would  liAVC  n'ndcnid  the  aninial  tut>-lii'avy,  luid  would  have  been  totallv 
iDOoaflUtnnt  with  Hyin^.  But,  to  avoid  this  difticuily.  tliat  winch  might 
tnUy  lie  n^nk-*!  as  tl»e  mouth  Is  lodgtvl  in  (be  intoriur  of  iIh!  lw>dv,  nrrtrrr 
^lilB  ooittc  of  gravity.  It  is  tin*  gizzard.  Instint-t  t<iichc-j«  tlie  bird  to 
'  fftnnll  angular  stones,  and  the  foud,  rasped  between  pon-urful  mus- 
ctthu-  Mnrfacrji,  i:*  eoon  brougbl  into  a  (it  comUtion  for  Ihu  action  of  thi* 
I  •tuinarJi.  1'lie  chemist,  luo,  puts  frAgmenls  of  glass  or  of  quiuiz  into  the 
mortar  iii  which  he  Is  conducting  the  reduction  of  a  tough  or  resisting 
anlMtani-e. 

The  first  object  of  digestion  is,  therefore,  the  suMivision  of  iho  food. 
The  operation  begins  in  the  mouth  by  a  resort  to  meeliaiiiojil  implenients, 
and  when  tbrsc  have  carried  the  process  as  far  as  they  can,  the  stomach 
eoniinncs  lite  doty.  In  its  cavitj-,  when  in  full  activity,  the  temperature 
ia  100°  ;  a  ]>cnodicn]ly  increasing  and  relaxing  motion  of  revolution  is 
kqit  up,  gastric  jtiice  exudes  in  dctinite  quantity,  the  hydi-ochlorie  and 
lactic  acids  OKcrt  their  action,  and  in  the  course  of  tbroe  or  four  hours 
a  complete  redaction  is  aceoniphshcd. 

Allusion  has  been  made  to  the  probability  lluit  different  portions  of 
iJir  mui-oiis  rocmbrano  of  llic  stomach  discharge  functions  ti«f,-io<"l<i>'ii. 
which  an*  whully  ilistinct,  one  portion  lieing  devoted  to  the  l^'j[,r''^ff^ 
dabontitm  of  pepsin,  another  to  the  secretion  of  hyrlrodilo*  wt  hrtictinas. 
He  acid,  another  to  the  preparation  of  a  special  mucus.  Tliis  view  de- 
riven  consiiicrahle  sup[»ort  from  many  facts  in  comparative  physiology. 
In  tboM  cwea  in  which  the  food  approaclies,  in  ila  mechanical  and  cliem- 
ical  condition,  to  tlie  form  which  it  is  destimtl  to  assume  as  a  pari  of  the 
bodj  of  the  aoimal  receiving  it,  the  stomach  is  simple  in  consimctioni 
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DifMra  itaM  ttm  m^ 


Mid  U  Utile  more  than  a  m«H>  dilatation  of  tlic  ftluiientary  canal      But 
AulwiMH  «r.   wtieii,  as  among  llie  Urbivota  and  jri-auivuru,  rt.  t. 

JJ^JJ^J^lJ^    Uicre  U  a  great  diflVrciioc  between  the  furm  C 

■wifc  of  lilt'  food  nwcivcd  and  llie  fonn  of  tlic  ti»- 

•DCfl  to  lie  made,  tho  digestive  Bac  no  longer  |in\<imt-s 
BDcli  a  simple  structure,  bat  la  ported  oft'  into  Histind 
tt^onii,  or  i(t  arlnnlU-  ronvi^rtcd  into  distinrt  organs. 
Tliui*,  ill  the  in-icct  digestive  tract  Ahown  ui  /Vj/.  8, 

Di«Miiv«<«<n.  *  '*  *''*^  P>>«rn5t^  *  »l»e  ii-MiJiaguB.  ioad- 
l>*nawnt*  of  ing  intu  a  crop  ur  inB^livator\-  |)oudi,  r.  and 
iBMwu.  jj^g  i^j^  jj^  gizzard,  f/,  tlie  function  of  wUich 

is  to  rasp  up  and  abrade  the  more  resisting  porttona  of 
the  food,  whiclt,  when  tlitv  is  acconiptiHhiil,  pnsms  into 
the  trae  stomach,  f,  and  irom  ihcncc  into  the  intestine,  ff. 
The  delicate  rcssels  about  ^f  arc  supposed  to  be  Ulian 
tubes,  and  h  glandular  M>crcting  organs. 

Kvvn  in  thew  cases  of  minute  organization,  the  mu- 
cous Htnicture  renioiiis  tliQ  mme  as  in  larger  animals  of  the  saroc  mode 
r^. ».  of  hfe.      The  pholugra]tliic  representa- 

tion in  J''if/.  i)  dti>plnys  the  same  mtii> 
uliitcd  aiijicanince  in  the  stonmch  of 
the  c(imivoro(i»  licetEo  as  has  been  de- 
scribed in  the  case  of  that  of  man; 
and  undoubtedly,  with  nimiianty  of  ♦ 
etructure  there  is  similarity-  in  the  nian- 
itur  of  action. 

A  regional  di^Tision  of         r>t,  i* 
the  digestive  ap{iaratuR 
ift  alw  prcM^ircd  in  the 
case  of  manv  birds,  ns 
M»™«  «»,«■.«.  jr)tr^ri.-*..«>.^  tf  showl  in  the  pholo- 
««  »-ii«  «.M..«w  M  <.««w-  graphic    rvprvw.tntion, 

/Vy.  10,  in  which  we  have  the  digestive  tract  of  tlie  com- 

tMswiivffcoBi-  ^°^  *'"^''  "  ^'"B  ^''C  ofisophagus   leading 
Hnmenuof     iiito  tlic  insnlivnting  pouch  or  rro|i,  fr. 

wliich    empties   into  the  stomach,  c 
and  ihis  into  the  gizKar«I,  d.     In  the  stomach, 
which  i.s  relatively  small,  the  digcjiling  material  f) 
is  mingled  with  the  gHstric  juice  Itrforc  b^ng 
submitted  to  the  action  of  tlic  gizzard.     From 
lite  gizzard  it  is  passed  into  the  small  intestine 
^f^y.     In  lite  figure,  e  ia  tlte  liveTf  ^,  y,  the  ca-ca, 
and  A  the  cloaca. 
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Id  the  ostrich,  as  shown  in/Vj/.  11,  the  luoal  difitribation  of  the  glan- 
•V  "■  dula*  very  obviously  marks  out  a  regional  dis- 

tribution of  fiinction.  C  is  the  cardiac  cav- 
ity, the  inucouj*  raymlirane  of  which  id  stud- 
ded here  and  there  with  glands  ;  Q  (r  uro  the 
«  #/  ,  '^^^V  surtacfs  of  the  gizzard.  Among  th»  higlier 
quadrupeds,  the  evidcnocH  of  a  simtiBr  tlivis- 


iar  of  Miiaurli  nt  Atr\*m\  vMtlch. 


HE'imlt^b  L>r  JfinitiiBM* 


)lNilIlH-fc  vt  IStlv  bfnu. 


ion  of  function  are  presented.  Thus,  in  the  donnonse,  ^iy.  12,  tlicre  are 
two  compartments:  a  carthac,  C,  luid  a  pyloric,  F ;  the  saine  ni™,iiy„„B,, 
being  exhibiieri  more  perfwlly  in  the  Cape  hyrax,  -AVy.  13.  I'^noH-nu  rf 
Ia  llicsu  CAf-ea  tlic  cardiac  compiinment  is  often  lined  willi 
Cttticle,  but  the  pvloric  not.  An  increase  in  the  number  of  theae  cavities 
as  the  food  liocomcs  mor."  hrtiTogenpous.  In  the  porcupine,  /V*?. 
there  are  fonr,  »nd  in  tlie  porpoise,  /'Ty.  lo,  five.     The  stomach  of 

Pif.  li.  Ftg.  1&  FIf.  la 


kof  pifTU|ilBr.  SMBMb  '>f  |«rpiiiin.  AvniMh  of  kMi)[ino. 

-^  iliat^roo,  aa  shown  in  J'uj.  IG,  {loascsses  a  multitude  of  theae  charo- 
ben  or  compartments,  ami  thcrcforo  odors  a  gooil  illustration  of  the  sub- 
dimioiiii  of  stomach  digestion. 

«j-  '•  The  case  of  ruminants 

possesses  a  Sj>ecia1  inter- 
est, lo  these  there  arc 
what  might  be  termed 
four  difieTent  digestiva 
chambers,  as  is  hIiowti  in 
J^iff.  17,  in  which  a  ia  tlic 
nNMiiv*MTtik««f>ni«iii..t.  ~  ccaopUagus;  £,  the  inglu- 
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\'ies  or  paunch ;  c,  the  reticulum  or  honey-comb  stomach;  d,  the  omasum, 
D"  t"vccom-  roa^yphes,  or  third  stomach;  e,  abomasum,  reed,  or  fourth 
partments  of  stomach ;  and  J\  the  pylorus.  The  food,  roughly  triturated 
ruinin«nt8.  j^  ^-^^  mouth,  cuters  the  ingluvies,  in  which  it  is  moistened : 
it  then  passes  into  the  honey-comb  or  second  stomach,  which  Ukewise 
receives  directly  the  water  that  has  been  taken,  and,  after  it  has  been 
thoroughly  moistened  therewith,  it  is  returned  to  the  month  in  small 
portions,  to  undergo  a  more  complete  mastication  and  insalivation.  Be- 
ing swallowed  again,  it  is  now  directed  into  the  third  stomach,  from 
which  it  passes  into  the  fourth.  In  this  it  is  submitted  to  a  troe  acid 
digestion,  a  gastric  juice  being  secreted  from  the  walls  of  this  cavi^.  •  It 
is  the  mucous  lining  of  this  cavity  which  yields  rennet.  That  these  com- 
plicated motions  and  these  successive  actions  of  the  different  canties  are 
for  the  purpose  of  preparation  for  the  true  digestion  of  the  fourth  stom- 
ach, is  clearly  proved  by  the  fact  that  in  the  calf  the  milk  passes  directly 
into  the  abomasum. 

Since  fishes  and  water  animals  generally  have  no  salivary  glands,  or 
Dipciiion  o"ly  rudimentary  ones,  some  physiologists  have  inferred  that  the 
ia  fishcB.  use  of  t!ie  saliva  is  for  the  commingling  of  the  food  with  a  due 
portion  of  water.  This  would  reduce  the  importance  of  insalivation  very 
greatly,  and,  indeed,  is  scarcely  consistent  with  the  elaborate  mechanism 
which  has  been  just  described  in  the  case  of  ruminant  animals.  It  ia 
worthy  of  remark  that,  even  among  fishes,  there  are  some  which  exhibit 
a  true  rumination,  as,  for  example-,  the  car]).  This  is  not  alone  for  the 
purpose  of  resubmitting  the  food  to  the  abrading  action  of  the  pharyngeal 
teeth,  but  likewise  for  commingling  it  with  the  secretion  of  the  phaiyn- 
geal  cavity. 

In  view  of  the  preceding  facts,  it  may  be  concluded  that,  so  far  from 
there  being  any  thing  in  contradiction  to  the  doctrine  that  different  por- 
tions of  the  digestive  surface  of  the  mucous  membrane  of  the  stomach  are 
devoted  to  different  duties,  there  is  strong  evidence  in  support  of  its  truth, 
derived  partly  from  the  instances  furnished  by  comparative  anatomy,  and 
partly  from  the  anatomical  structure  of  the  gastric  mucous  membrane. 
The  four  separate  digesting  chambers  of  the  ruminating  herbivora  are 
merely  an  elaboration  of  the  structure  which  is  presented  by  an  appar- 
ently homogeneous  mucous  surface  in  man.  But  that  this  mucous  sur- 
&ce  is  in  reality  heterogeneous,  and  in  different  regions  possesses  differ- 
ent powers,  is  shown  by  the  fact  that  at  one  part  it  presents  mucous  fol- 
Eeeion«i  fnno.  1'*^^  ^'  another  pepsin  folhcles,  at  another  follicles  for  the 
tionsofhninaa  secretiou  of  hydrochlonc  acid.  As  we  approach  toward  the 
■tomac  .  pylorus,  the  existcuce  of  a  new  function  is  betrayed  by  the 

appearance  of  a  new  mechanism — ^the  villi,  which  have  been  so  well  stud- 
i»l  by  Dr.  Neill,  and  this  is  even  indicated  externally  in  the  posterior 
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llip  wt'lt-kiiowri  \>\iav  fiiiiliriatrp. 


"*  **■  view  of  the  buiuiui  ittoiuauli,  J^t'y. 

IH,  allowing,  acconling  to  i'rof«8»>^ 
or  I{4;tziu8,  Ihnt  tlie  antrum  pj 
lori  of  tho  older  onntomists  h  r^ 
ally  a  spccUl  com]iamTnent  of  tl»e 
gfjirral  iravitv-  TIic  figure  is 
derived  from  numerous  tfxtimin- 
atioris  of  llie  »tomacli  iii  botlicji 
of  QiidillR-aged  women,  piid,  as 
ro^^rviicntpd  at  c  c^  d  ily  indicates! 
tlio  iinlniii)  ]>r1ori,  a  Ix'ing  the 
ri-sophnguR,  ft  llio  (itivlinir  oriticc. 
'I'lie  antrum  pylori  i^  distinguisli- 
ed  br  f^reaier  thickiM'ss  of  its  mus- 
cular coat,  tnure  t.'ojjiuutt  glandu- 
lur  de^-etopmcnt.  and  the  pnsonoc 
The  conmiciioemeut  of  tlic  durwlo- 
s1m>  fonna  a  Bjiccial  ruunddi  ciivily,  whidi  PpofcsHor  Rclztiia  pro- 
to  naniu  antrum  dnwlcni,  rhnracterized  inlt^rnully  liy  tlio  nbseii(x> 
of  TnlruliP  connivente^  and  hy  the  dense  array  of  Bruiiner'a  glands  be- 
tKtfttb  its  mucoiu>  nieinlinuir^  Thiit  part  (wnstitutea  what  hun  been  called 
tbe  fourth  ainmach  In  lite  porpoise  and  some  otlier  cetaceans.  Tbe  80- 
caUrd  lignmenls  of  the  pylorus  arc  connected  with  the  fonuation  of  the 
antnini  pylori. 

It  haa  lieen  remarked  that  the  firet  aim  of  digestion  is  the  procuring  of 
tbe  food  cither  in  a  dissolved  state,  or,  al  all  e^-enta,  in  a  con-  ing«rttoa  w> 
dition  ai>i>roaehinc  thereto.  Rut,  tn  addition  to  this,  nro-  wnpiw** 
Kmnd  clianges  m  the  very  uature  oi  the  digcslm  matmal  incumorpbMU 
must,  m  an  incidental  way, !»  constantly  occurring.  Thus  o*""'*'"™'- 
the  action  of  saliva  i»  U>  produce  lactic  ftcid  tVom  starch,  and  thus,  in 
tbe  flomacb  ilmilf,  Mtarcli  \s  tniii>}miitc<l  into  sugar.  Tu  some  caa«3  the 
first  stage  of  digestion  .seeios  to  be  actually  tbe  reverse  of  what  has  been 
h«resct  forth.  Jliik,  when  received  into  the  8toniiieh,  underpn^s  oo^i- 
laticmt  and,  in  like  uiaiuicT,  so  al^o  doe«  solnblo  albumen.  But  iheae  arc 
only  tncidctital  changes,  the  trmjKjrary  solids  thus  proiluecd  aoon  lique- 
fying as  proper  dig«?9tion  sets  in.  There  is  rcHson  to  liclievc  riial  lUI  the 
pcvNeiu  bodies  arc  passcil  into  the  condition  of  nlhuminosc,  and  this  ihougli 
they  nay  have  been  iritrodnocd  in  the  liquid  state.  Kven  soups  and 
fafOihii  n.'c|uirc  tn  be  digcs^tcd.  A  solution  of  gelatine,  after  ,  j-j^j^- 
it  baa  l«en  in  the  stomach,  refuses  to  gclatinixe,  a  solution  gMoriha&wd 
of  altmmi-Ti  lo  coi^ilalc  Tlie  circumstance  tliat  gases  may  Jui^.tl^'j^'' 
be  evidved  tnim  dig<>,4ting  rmitrrial.  l>oLh  in  the  stonmch  and  uwmUjiUwiar 
intestiDc,  ia  a  sulhcicnt  proof  thai  that  material  is  iiudci^iug 
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a'inore  or  less  extensive  change.  But  these  changes  are  altogether  insig- 
nificant when  compared  with  those  great  nietamoriihoses  which  the  nu- 
trient material  passes  through  after  it  has  been  absorbed  from  the  digest- 
ive cavities ;  and  doubtless,  at  the  most,  they  are  only  mere  subdivisions, 
of  which  the  splitting  of  the  sugar  or  starch  atom  into  lactic  acid  may  be 
taken  as  the  tji*,  or  mere  unions  with  water,  of  which  the  passage  of 
cane  sugar  into  milk  sugar  is  an  example. 

The  gastric  juice,  therefore,  not  only  dissolves,  but  also,  in  an  incipient 
Production  of  snd  indirect  manner,  modifies  the  food.  Protein  bodies  and 
peptone*.  gelatinous  matters  yield  substances  after  its  action  of  the 
same  comjmsition  as  their  own,  but  with  different  physical  and  chemical 
properties,  being  readily  soluble  in  water,  and  even  in  diluted  alcohol,  and 
not  forming  insoluble  compounds  with  metalline  salts.  By  Ijehmann, 
who  luis  examined  these  substances,  they  have  been  designated  as  pep- 
tones ;  and  since  tliey  may  arise  without  the  evolution  or  absorption  of 
any  gas,  and  the  quantity  of  sulphur  they  contiun  is  the  same  as  that  in 
the  bodies  from  which  they  were  derived,  he  infers  tliat  the  action  is  real- 
ly an  assimilation  of  water,  the  otlier  ingredients  remaining  unchanged. 

Turning  our  attention  now  to  the  origin  of  the  gastric  juice,  it  is  inter- 
_       .  esting  to  observe  tlie  economical  manner  in  which  its  hydro- 

•gement  of  chloric  acid  element  is  managed.  To  the  proper  understanding 
wMumon  salt.  ^^  ^j^j^^  jj  j^^  necessary  to  anticipate  what  will  have  to  be  more 
fidly  considered  in  describing  tiie  bile,  a  uniform  ingredient  of  which  is 
the  oxide  of  sodium,  or  soda.  The  hydrochloric  acid  of  the  gastric  juice 
and  the  soda  of  the  bile  are  derived  from  the  same  source — common  salt, 
which  is  either  present  in  the  food,  or  purposely  added  as  a  condiment. 
It  undergoes  decomposition  easily,  yielding  the  two  products  specified, 
that  is,  hydrochloric  acid  and  soda,  and  is  readily  formed  by  the  reunion 
of  these  substances. 

ThCTC  exists  in  the  action  of  the  kidneys  a  special  prevision  for  prevent- 
ing the  quantity  of  cldoride  of  sodium  present  in  tlie  blood  from  rising 
over  41  parts  in  10,000.  This,  of  course,  controls  tlie  amount  diffused 
tlirough  the  tissues.  The  necessity  of  such  a  regulation  becomes  appar- 
ent when  we  consider  that  the  rate  of  the  solubility  of  albumen  and  ca- 
sein in  water  is  governed  by  the  presence  of  that  substance,  as  is  also  tlic 
quickness  with  which  tlie  coagulation  of  fibrin  takes  place,  and  the  re- 
pair of  the  waste  of  the  muscles. 

Common  salt  introduced  into  the  system  undergoes  decomposition, 
furnishing  hydrochloric  acid  to  the  gastric  juice,  and  soda  to  the  bile 
Considering  the  large  quantity  of  these  secretions  produced  in  a  short 
space  of  time,  it  is  clear  that  the  drain  of  common  salt  must  be  great — 
not  less  than  a  third  of  an  ounce  a  day ;  yet  the  quantities  consumed,  at 
most,  are  only  smalL 
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How,  thpn,  ia  this  to  be  explainntl?  Assuredly  there  ia  no  other 
MUri-c  trcmi  which  thrne  hodint  cjiti  ootnc  thnn  th(?  one  indicated — the 
common  salt,  an<l  vet  it  scorns  to  Itc  totally  iniulcqimtc. 

I  think  thiit  lht«  diOiculty  ii*  rather  iniiiginary  than  nvil.  Things  atc 
no  amuigv<l  ihat  a  limit<xl  (nuntity  of  gult  can  produce  niitimited  (juftnti- 
tics  of  gaalric  juice  and  bile;  for  the  former,  iiwociatcd  with  the  food  it 
lias  digested,  scaivcly  escapes  from  the  pyloric  valve  before  it  encoutitws 
Ifac  liile  and  panermtte  juices  discliarging  into  the  duodenum,  and  through 
iho  Irngth  of  tlie  iipjtor  |>orr)on  of  tin;  small  iiite-atincs  tlicju:  MKr<;tions, 
lO{;Flhcr  with  the  food  they  hnvc  acted  u]Kin,  are  Uronglit  into  completo 
ooDiafr.  The  reproduorion  of  cidoridc  of  sodium  is  therefore  constantly 
taking  flacc  in  intestinal  dige.Htioii,  and  it  returns  baek  to  the  svBtem 
throagh  the  alisorbonts.  Again  it  nndet^ic*  docompowtion,  its  add  ra- 
ring in  ibc  giistric  jitiee,  luid  iU  alkali  in  llie  pancreatic  juice  and 
Ity  llitn?  lining  a  Kiiiall  iimuunl  over  iiiid  ovvr  again,  great  ctlt-Hd 
on  be  pnHluced,  and  it  is  then  only  necessary  to  refltore  tliono  aniall  por- 
lioaB  that  arc  wa.-^ted  in  carrvmg  out  the  general  Achemc 

In  the  low-prps«tirc  marhte  Kteum-engine  we  have  an  example  of  the 
aatne  kind.  A  certain  qnantity  of  water  itt  vaporized  in  tlie  boilcx  and 
rondcnAod  in  the  engine ;  pumped  bark  into  the  boiler  to  be  va|)orizrd, 
Bwl  then  rccondenscd  in  the  engine-  Comparatively  little  ia  rcquireii  to 
DOppty  the  wants  of  the  madiine,  and  long  voyageii  can  be  inado  with 
titdy  as  much  water  as  will  coinjKmuite  for  the  ncocBsary  waste  arising 
in  tlie  working. 

For  liie  gake  of  presenting  the  ooDsideration  of  the  fune.tion  of  diges- 
tion with  etcarnetw,  it  in  euttloniarv  to  letive  out  of  eouKidt-r-  ,        ^  ^i 
alion  the  mihordinate  aciioiiH  taking  placelioth  in  the  i^toni-  R^aiionUhw- 
•di  and  intestine.     Thia,  however,  involves  a  certain  amount  [^"lU'liL^ 
of  error,  since  respinitorj-  or  non-nitrogcniz^-d  digestion  oc-  UoBiic«loriBi. 
curs  in  the  former  cavity,  and  nutritive  or  nitrogenized  in  tho 
latliT.     Nevertheless,  there  can  be  no  doubt  that  if  our  view  is  restricted 
to  the  more  imposing  cluracters,  we  are  justified  in  accepting  tlie  dogma 
that  *' stomach  digestion  is  hiBlogeuctic  or  nilrtigenixe>d,  and  intestinal 
digislion  is  calorilJicicnt.** 

Und«r  the  most  comprehenaive  point  of  view,  eitamining  the  action  of 
ibe  entire  digestive  tract  from  the  mouth  to  the  rectum,  we  Q^erdMBi- 
diacova*  a  ircnrreut  periodicity.  In  the  mouth,  the  transi-  iMrjoiaigf 
tonr  digestion  taking  place  is  wholly  expended  upon  the  ca-  ^'*"' 
lorifiKMnt  food ;  in  the  stomach  it  is  the  nutritive  portion  which  is  chiefly 
aftaokt^l ;  in  the  duodenum  there  ia  a  return  to  the  calorifacicnt,  and  iti 
the  onwum  of  animalo  a  rcpumption  of  the  nutritive.  This  last  is  less 
apparent  in  man,  for  in  him  the  ctpeum  exists  only  in  a  rudimentary  state, 
rrpresented  by  the  appendix  vermiformiit. 
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As  the  alteration  takes  place  from  calorifacient  to  nntritive  digestion, 
the  active  fluid  changes  its  chemical  relations.  In  the  mouth  and  duo- 
denum, alkaline  juices  are  resorted  to ;  in  the  stomach  and  ccacum,  add 
ones.  Whenever  there  is  an  accidental  inversion  of  these  conditions,  the 
result  correspondingly  changes ;  so  when  bile,  which  is  alkaline,  regor- 
gitates  into  the  stomach,  the  digestion  of  nutritive  food  is  instantly  ar- 
rested. 

In  each  of  these  cases  the  object  is  the  same:  it  is  to  obtain  the  nutri- 
ent material  under  such  forms  that  the  absorbent  vessels  can  readily  take 
it  up ;  this,  as  we  have  seen,  often  involves  a  metamorphosis  of  the  de- 
ments of  the  food  where  mechanical  subdivision  would  be  insufficient. 
Fibrin  has  to  be  brought  into  a  soluble  state,  and,  indeed,  albumen  itself 
must  be  modified.  If  it  has  been  taken  uncoagulated  or  glairy,  it  be- 
comes opalescent,  and  passes  into  the  allied  form  known  as  albuminoae. 
In  this  condition  it  is  neither  precipitated  by  heat  nor  by  nitric  acid, 
though  it  is  by  corrosive  sublimate.  The  cause  of  this  transformation 
probably  has  reference  to  the  relative  facility  with  which  albuminoae  can 
transude  into  the  venous  capillaries  compared  with  albumen. 

There  is  thus  reason  to  suppose  tliat  the  result  of  stomach  digestion 
is  tlie  reduction  of  the  various  nitrogenized  constituents  of  the  food  to 
the  condition  of  albuminose.  It  is  plain  that  fibrin  must  come  into  this 
or  some  analogous  condition,  for  it  can  not  be  absorbed  as  fibrin,  and,  ac- 
cordingly, it  is  found  that  the  blood  of  the  gastric  and  mesenteric  veins 
abounds  in  albuminose. 

Intermediate  between  the  classes  of  calorifacient  and  histogenetic  food, 
Cwe  of  gcla-  belonging,  by  its  composition  and  conditions  of  digestion,  to 
"'"^-  the  latter,  but  by  the  function  it  discharges  to  the  former,  is 

gelatine,  a  nitrogenized  substance.  It  appears  to  be  always  derived  from 
albumen,  and  any  portion  which  may  liave  been  received  in  the  food  is 
never  directly  assimilated  or  used  for  the  fabrication  of  tissue,  but  solely 
ministers  to  the  production  of  heat.  Though  thus  a  calorifacient  body, 
its  place  of  digestion  is  the  stomach.  After  it  hiis  suffered  the  action  of 
that  organ  it  has  lost  its  power  of  gelatinizing,  can  no  longer  be  precip- 
itated by  chlorine,  nor  give  the  leather  precipitate  with  tannin.  The  use 
of  it  under  the  form  of  jellies,  soups,  etc,  is  always  attended  with  the  ap- 
pearance of  an  unusual  quantity  of  urea  in  the  urine,  and  hence  the  ad- 
ministration of  those  domestic  preparations,  under  an  idea  of  their  great 
nutritive  value,  is  to  be  looked  upon  as  only  a  popular  error.  In  an  in- 
direct way,  however,  under  the  conditions  of  restricted  diet,  usually  met 
with  in  the  sick-room,  gelatine  doubtless  maintains  an  interesting  relation 
to  the  albumenoid  bodies  in  this,  that  it  protects  them  from  destruction 
by  undergoing  oxidation  itself,  and  so  satisfying  the  requirements  of  the 
respiratory  mechanism ;  for,  were  there  not  such  a  substance  present  to 
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re  the  attack,  tbc  respired  oxygen  would  rapidly  bring  on  the  wasle 
^_    of  tiie  proper  nitrogenized  tissues. 

H  In  relaiion  to  the  gcUti|i;enoiis  tiiimios,  it  may  bn  rnnarknl  tliat  geU- 
"  tine  i«  not  an  actual  constilurnt  of  tbrm,  but  ariwR  from  thpm  Grlaiiiw  dm 
^_  by  bulling  with  wnttr.  By  a  like  proccfw.  mifficieutly  pro-  JI^'!]IJ|Ili,„*' 
^1    longrd,  a  flimilar  snlistanrc  may  be  obtained  trom  cartilnge.  cnt. 

dtft^nateil  cflrtihigc^gt'latiiie,  or  cboiidrine.     In  tli««c  cashes  the  inaterial 
■nitns  with  walvr  in  lliu  sainc  maiinor  tliat  starch  does  in  produriiig  glu- 
,,  BOM. 

H        The  tbod  must  therefore  pass  through  various  ala^  before  it  can  be 
^V    litted  for  introduetion  into  the  cireulatioii,  and  earried  1o  all  pnrts  of  tlie 
H^    ajBlfin.      It  \n  proeiin-il  in  ponioit^  i.tt' a  f«ntinbli-  aiko  either  by  lh«  fin- 
^B    ga%  or,  in  ciWlized  lifei,  by  resorting  to  artifiri»l  implements,  the  knife 
^^^■d  fork.     The  inciaor  te4.*th  next  cut  it  up,  and  the  molars  rm^b  or  grind 
^^^Kljving  worked  for  this  purpose  by  a  powertiil  xjrstem  of  muscles ;  nieim- 
time  it  m  incorporated  with  ^va  and  atmospheric  air. '  Passing  into 
the  rtomacli  tuider  the  condition  of  a  coarse  pulpy  maps,  the  jraslric  juiee 
^^     eanir*  tin*  process   still  farther,  a  more  intimate  disintegration  of  it> 
^m    atmclure  aiaaes,  and  it  is  eventually  brought  into  a  soluble  and  changed 
^r     fonn.     The  time  rw[uire<l  to  prt^wluw;  tlun  effeet  varies  with  j^.  .^,  ,,„■, 
V      the  natare-  of  the  food.      ThuH  it  ban  betMi  Tiotiircitl  tbul  Ut-f  i4  ititivrvnt  u- 
is  much  more  quiekly  acted  on  than  mutton,  and  mutton  ^'•''  ''^• 
wrmer  than  pork. 
11  Statements  resjxjcting  the  digestibility  of  different  artieles  of  food 

B    must,  however,  be  received  with  many  reMrictions.     If,  as  cimuMunm 
^1    tb*  «H»er  pbvi*ioIogi8i8  l*Iieved,  the  stomach  was  the  wih*  inK^Ting 
1^    digestive  cavity,  and  the  intestine  only  for  tlie  puqK^se  of  ab-  «rdii,^iiUli- 
torption,  they  would  dolibtleas  be  much  nearer  to  the  truth.  *7- 
But  irhm  ire  nKaill  thiit  the  digestion  of  fats  doeR  not  even  bf^n  until 
(he  iutcEtine  ia  reached^  and  tlmt  the  digestion  of  the  nitroge-nixeil  sub- 
•tanoc*  is  only  in  part  acoomplifihcd  by  the  gastrie  jnirn.  but  goes  on 
undrr  tbc  tntluetice  of  the  intestinal  juice  tlirorighout  the  whole  length  of 
the  tmnll  inteiiittne,  wv  sec  at  once  how.  imperlect  and  even  incorred  an> 
ibe  indicaliotis  olfunled  by  such  experiments  as  those  of  Spatlaozani, 
wbo  tntmduoed  food  articles  into  the  stomacb  through  the  o-sophagiia  in 
perfbratnl  silver  ve^tsels,  or  thntu;  of  Rcaumont,  who  availcMl  himself  of  a 

iH^trii:  fijtula.  Neither  can  we  lake,  in  all  inatance»,  the  time  which  an 
article  of  foitd  will  remain  in  the  stomnch  as  a  measure  of  its  digeKtlbil- 
ity^  for  this  is  known  to  var^*  with  many  conditions,  as.  for  instance,  the 
ipuntitj  iiitrotluccd  ai  a  timc^  and  the  condition  nf  the  organ  it.«elf.  Ai 
ge&etftl  illustrations  of  the  digestibility  of  some  of  the  ordinary  elements 
of&od,  ibfT  cjKampIes,  however,  being  more  or  Iei>s  ojven  to  the  preceding 
''dszaa.  tJic  folluwing  lacts  may  be  offered.     TUo  wJntc  of  an  egg.  rep- 
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resenting  soluble  albamen,  if  introduced  into  the  stomach  of  a  fasting  dog 
through  a  gastric  iistata,  will  disappear  in  less  tlian  an  hour ;  hut  if  the 
whites  of  eight  e^s  be  introduced,  portions  thereof  can  be  recognized 
after  tour  hours.  Lehmann,  who  made  these  observations,  adds  that 
blood  fibrin  varies  in  its  time  for  gastric  solution  according  as  it  is  in  a 
finely  comminuted  or  a  massive  state ;  in  the  fonner  instance  disappear- 
ing from  the  stomach  of  a  dog  in  an  hour  and  a  lialf,  but  the  same  weight 
in  the  latter  condition  requiring  almost  twice  the  time.  Coagulated  al- 
bumen indicates  the  commraicement  of  digestion,  and  even  its  local  com- 
pletion, in  from  five  minutes  to  a  quarter  of  an  hour ;  but  here  again  much 
depends  on  the  condition  of  the  stomach  and  tlie  general  state  of  the  sys- 
tem, whether  the  animal  lias  been  fasting,  and  whether  the  gastric  juice 
is  exuding  in  a  dilute  or  concentrated  state. 

So  far  as  such  examinations  go,  they  do  not  exhibit  any  marked  dif- 
Bopimtory  di-  fcTcnce  between  albumen,  fibrin,  and  casein.  Gelatine,  how- 
scition,  u  of  ever,  is  acted  on  with  remarkable  rapidity.  Beaumont  ob- 
gin  fn  the  servcd  that  in  an  hour  150  grammes  of  jelly  had  disappeared, 
■tomach.  T|jg  experiments  which  have  been  made  on  the  digestibili^ 

of  vegetable  food  introduced  through  gastric  fistulie  arc.  obviously  of  no 
use,  since  the  chief  constituents  thereof^  such  as  starch  and  fet,  are  not 
even  influenced  in  those  circumstances  until  they  have  reached  the  intes- 
tine. Their  passage  from  the  stomach  in  this  unchanged  state,  or 
clianged  only  so  far  as  their  nitrogcnized  ingredients  are  concerned,  may 
teach  us  the  important  fact,  which  should  in  tliese  inquiries  be  always 
borne  in  mind,  that  disappearance  from  the  stomach  is  one  thing  and  di- 
gestion another,  and  that  even  though  a  substance  may  have  passed  the 
pyloric  valve,  its  digestion,  far  from  having  been  completed,  may  not  as 
yet  have  commenced. 

The  digestion  of  nutritive  or  nitrogenized  material — histogenetic  diges- 
tion— is  therefore  carried  on  in  the  stomach  mainly ;  and  though  first 
mechanical,  and  then  chemical  agencies  are  resorted  to,  the  object  is 
throughout  the  same — to  obtain  the  food  in  such  a  divided  and  changed 
state  that  it  can  pass,  dissolved  in  wafer,  into  the  capillary  vessels. 
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CHAPTER  IV. 


OF  CALOREPACIEST  OK  fflTESTINAL  DIGESTION. 

r^httttmai  Difftttitm. — Sfrwfnv  ofthJmltMlim. — Diyalirr  FhmU  o/ tht  /i«rMfM& — 
He  /taermfM  Jmiet.—  The  A'uftrir  Jmirt.—Jtiicr.  o/  LkherhAt.  —  S«ntiom  »/ J>ytr'f 
Gtmdi: — BUt. — Difff^m  of  fie  Catholtg^attt.  and  HfJr^Kitrhant. — /Vioprhiv  ivh/  I'ttrio 
im^t^ait-A'id.—Dortriitt  fjf'lhe  ^tft»o/An£tyand  Alk-aRnHy  aftiit  I/iy*tirf  Jmet», 
— /fciwiltoi  ^  Inttttmai  iJiyettMi/rom  ihr  mai:imi  of  Wn». — Utikmg  ^BrvuL—fn/tmmt 
afH^ai  arrr  FtmtMf. — Q>i»p9ri*<m  «fOa*trii:amJ  JntettlnalDigtiitoi.^CSu>ifff9ofA*  If- 

After  Ihc  chyinc  fumicil  in  lliu  sturnacli  k&a  passed  through  the  py- 
loric tbIva  inln  the  tiiniill  intestine,  th«  intluciicc  o(  the  gnstric  jiiicp 
eOBlinnea  for  a  cirlain  time,  even  after  tlio  btle  and  pancreatic  joieca 
bkre  been  reached.  Since  their  ndion  mtut  be  ncces^nrily.  in  the  first 
instance,  mipcrBcial,  thr  interior  of  ihc  ninss  is  Btill  undergoing  stomach 
b  digest  iotu 

Bnt,  »et1tiig  aside  this  incidcntftl  re^ilt.  whioh  at  the  most  can  not  be 
of  long  duration,  the  digestive  ojwration  t&king  place  in  the   \aiur*or'n 
part  of  the  intestinal  Iract  now  under  considenitiou  is  di-  tr*cinai  disv*- 
fcctcd  to  the  heot-inaking  food. 

The  oigan  in  which  culorifacicnt  digestion  takes  place  may  l>c  de- 
MTtbed  as  a  tuhe  hounded  by  two  yhIvcs,  the  pyloric  above  sin»ii»rcrf 
and  the  ileo-coecal  below.  Its  length  may  he  estimated  at  liwtaitiniio.. 
aboat  twenty  feet  Tlic  digestive  surface,  making  a  due  allowance  for 
I  tia  incmse  by  reason  of  ita  valmlar  stnictore  presently  to  be  describod, 
not  ho  niDcfa  under  3500  square  inches.  The  dimensions  of  the  ca- 
ent  digesting  sorfaoe  are  therefore  far  greater  tiian  those  of  the 


"nie  interior  and  acting  portion  of  this  tube  presents  two  different 
•ms  of  apparaiua,  (ind  is  occupied  in  the  discliarge  of  two  „ 
]y  distinct  fiinciion.i,  dige-stion  and  absorption.     It  ie,  T«iii*i>fiQw»- 
rperiiRps,  this  double  duty  which  demands  so  extensile  a  Bur^       ' 
fiHAt  and  not  the  necessities  of  hea1<making  digt.riitton  alone. 

LtJu!  the  stomach,  ibis  tube  consists  of  three  coats — u  serons,  a  mns- 

rahr,  and  a  mucoas.     The  latter  is  fathered  np  in  its  intc-  .   ,     ^  , 

-      /  ,1  ■       -       <- 1 1  1  1      V  AriionofUw 

nor  into  butnberleas  projecting  folds  —the  vulvuhi^  eonniven-  tah-iii»  nmni- 

.las.     These  serve  lo  increase  the  surfat^o  to  which  the  food  "'•"™- 

.  Mcpoeed,  and  pprhapa  nlford  a  mechanical  obstacle  to  its  passing  loo 

■{aickir  forwanl.     They  lend  also  to  break  the  continuous  motion,  and 

[iiring  the  interior  parts  of  the  chyme  to  the  sutfaw.     The  onward  roovc' 
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Dient  is  of  course  doo  to  the  pnssore  exerted  oonjointlj  by  the  stmighl 
and  circular  6brC9  of  the  rauscalar  coat     Analomiatd  divide  the  tube_ 
into  three  portions — the  duodenam,  jejunum,  and  ileum. 

na- ».  In  Juff.  19  wc  liave  a  pos-'l 

terior  view  of  the  duodenum, 
a  being  its  superior  or  pyloric 
estrcmity,  6  the  middle  poi^ 
tion,  o  the  jejnntun,  </  the  galJ- 
bUddcr,  i  the  cystic  duct,/> 
|-i  hepatic  duct,<-  the  ductus  com- 
munis, m  pancreatic  ducL 

Soon  after  the  ch^tne  has 

escaped   tiirough    the   pyloric 

valve  into  the   duodenum,  it 

P6«rt«rt*»»ru.*i<.^«o..m.  comcB  under  tin  influence  of 

le  bile  and  pancreatic  juices,  which  arc  Bonictimes  dischargrd  upon  it 
ni«aai<     a».  *'  *  common  point,  and  somotimcs  at  a  little  distance  apart.^^ 
iteotfikiibi-    Almost  simultaneously  it  is  submitted  to  the  mechanical  ao^| 
""**■""  tion  of  the  valvula?  connivcntcs,  which  make  their  apjitairancc 

in  the  vertical  portion  of  the  duodenum,  and  continue  in  large  namberB 
until  within  the  lost  two  or  three  feet  of  the  end  of  the  tube.  Am  the 
intestine  is  distended,  tliesc  project  witli  a  certain  degree  of  tttrgtdity, 
and  accomplish  their  mechanical  object. 

But,  bodidea  the  pancreatic  and  biliary  fluids,  there  ore  other  juii 
thrown  upon  the  passing  chyme — tlic  enteric  juice,  which  cornea  fi 
Bninner's  glands,  and  a  liquid  oozing  &om  the  toUiclco  of  Licltcrkuh: 
Moreover,  the  organ!:i>ms  known  u-s  Pcycr's  glands  arc  aJTecting  the  c 
tents  of  the  tube     Of  each  of  these  it  is  necessary  therefore  to  apeak. 
Ist.  The  pancreatic,  juicv,  aecrcleil  by  the  puncn'tts,  an  organ  Usriug 
Pwicruiii;        resemblance  in  lis  anatomical  eouHlniclion  to  tlie  fuUi 
iimaadot^  glandfl,  and  henoe  usually  regarded  as  one  of  that  group. 
•vtk*  Af.  The  juice  itself  in  analogous  to  saliva,  being  viscid,  and  in  its 

reaction  alkaline:   ttn  spceilic  gravity  i.s  alwut  1.008.     Alcohol  coagulates 
it.     It  is  said  to  contain  no  aulphocyantde  nor  any  suspended  particlee. 
It  acts  upon  starch  even  more  energetically  than  saliva,  trausmutiog 
into  sugar  uud  lactic  acid,  and  upuu  fatv  by  furraing  them  into  an  em 
aion,  so  that  they  are  readily  alworbed.     This  baa  beeu  ibiuid  to 
place  in  iirliticinl  ex]>eriment8  by  submitting  fat  suhatancea  to  the  j 
at  a  icnipcmturc  of  100°. 

Ckm*tit»iiomti/'J^vKrtaricJ»icei>/Dog.    (/Vm  f  cAmmA.) 

Water „ ....-.,,....  DOO.W 

Orpiiik  Riatlcr. BO^ 

Inorjiatiie    *' 6M 

HMKMW 
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Afl  would  be  im'em'd  from  ^n  difference  of  cmnlsifying  power  between 
the  uliva  niid  thut  jnirr,  its  organic  mutter  diffcnt  front  ptyolino.  It  is 
r«timate<l  ihat  tJic  standard  secretion  ot*  it  is  from  five  to  seven  ounce* 
Mr  nicin> 

The  action  of  the  pancreatic  juice  appears  to  be  limiled  to  the  upper 
half  of  the  intestine,  for  it  is  in  that  region  only  that  bul}-ric  acid  is  de- 
veloped fnim  Imtter. 

3d.  The  potorii-  juiw  is  fiecreted  by  tlic  orgonfl  known  aft  Brtmncr's 
^■ndii,  the  atructure  of  which  has  a  rcrfalii  analngy  to  the 
{■mv^Ung,  and,  tike  it,  these  doubtle)«i4  bclung  to  th^  »alivaiy 
gioop.  Umnncr's  glands  ocair  chieHy  in  the  npjwr  part  of  the  small  in- 
Cntinc,  preflonting  fheiiisolvrs  in  the  submucous  tissue  thereof  an  little 
Indieii,  commonly  compared  by  anatomists  to  homp-aeedji.  They  consist 
,  nf  lobules  with  ducts  communicating  with  a  common  outlet.  Their  ee- 
oHioii  poiu>eiinr>j(  a  more  enfrgclii!  [)ower  when  mixed  with  bile  and  pon- 
enaitc  juicv-,  than  the  {Ninrrt-atic  juice  .-done,  in  producing  fatly  omubions. 
Li  ibe  opinion  of  Bidder  and  Schmidt,  the  intestinal  jnicCr  wiiicli  they 
'tiMeribB  as  licing  iuvanubly  alkaline,  not  only  metumorphoscs  starch  at: 
JV  !A  rapidly  an  the  Mdlva  or  paucTCAlic  jnioe,  but 

aLpo  exerts  on  powerftil  an  notion  on  flesh, 
albumen,  and  other  protein  bodies  us  that 
which  occurs  in  the  stomach  itself. 
\%.  ^  Id  Fig.  20,  which  is  a  half  diagram  of 

one  of  these  glands,  a  a  reprp-«ents  the  mu- 
cous surface  of  the  inte»4tnie^  and  £  the 
lobiilatod  gland,  diitcluirging  its  secretion 
through  a  rommnn  dnct. 
JU\.  The  secretion  of  the  foiliclca  of  Lieberkulm,  which,  a*  shown  in 
rtift.  Fig,  21,  are  straight,  narrow  oopcal  de-  g^jj^^uaa  ,f 

prc.Hsiotis  of  the  mucous  membrane,  found  MWd—  of 
all  over  the  small  intestine,  and  in  a  gen- 
eral  manner  analogous  to  the  tubular  foUicIea  of  the 
stomach.  Tlieir  interior  is  lined  with  culumnar 
epithelium,  and  in  depth  lliey  are  equal  to  (lie  thick- 
m«s  of  the  mucoiw  membrane^  their  closed  ends  be- 
ing therefore  in  contact  with  the  submucona  tissue^ 
and  their  mouths  opeiting  into  the  intestine.  In  a 
state  of  health  they  contain  a  clear  mucua-likc  accro- 
tion.  In  inflammatiooA  of  the  part  ihcy  are  filled 
with  a  more  opaque,  whitish  liquid.  From  their  r»- 
MmbUnce  to  the  follicles  of  the  stomach  whicli  flccrclo  iiejisin,  it  may  be 
pngmmed  thai  ihcy  possess  a  aopicwliat  Kimilar  function ;  Init  in  tlie 
•tooadi,  the  reaoltiiig  aecretioD  is  broaglit  in  relation  with  aoida ;  in  the 
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intestine,  with  alkaline  bodies  ;  and  hence  the  physiological  action  may 
differ  in  the  two  positions,  though  the  Btnicture  and  primary  fdnction 
may  be  the  same. 

4th.  The  secretion  of  Peyer's  glands.  These  may  be  described  aa  «ar- 
Secretion  from  ci^^  spotfl,  of  a  whitish  color,  and  about  the  tenth  of  an  incli 
Peyer'sgi«nda.  j^  diameter,  constituting  glandular  patches  fiill  of  cell  germs, 
but  without  any  excretory  duct  opening  into  the  intestine.  It  is  sup- 
jioscd  that  they  discharge  their  contents  by  rupturing  at  a  certain  stage 
of  their  development  The  solitary  and  agminate  glands  appear  to  be- 
Ftg.  19.  long  to  the  same  physiological  group. 

Cl  iii'^'%  The  two  conditions  ofthePeyerian  glands 

'^Mal®*  ^^  shown  in  J^.  22,  the  right  one  bui^ 

empty,  its  contents  having  been  discharged, 
the  left  one  still  full.     By  some  it  is  denied 
[;j!;flRBi)Kft\i'v^^HK. «  ^'^^  these  bodies  are  connected  with  intes- 
tinal digestion.     The  facts  that  vascular 
^^'^  loops  pass  into  their  granular  contents,  and 
PeyeriM  gumi..  (Jiat  the  lactcals  bear  a  definite  relation  to 

them,  seem  to  indicate  that  they  are  rather  portions  of  the  absorbent 
mechanism. 

5tiL  The  bile.  Of  this  it  is  not  now  necessary  to  give  a  detailed 
description,  since  that  will  occur  more  appropriately  in  treat- 
ing of  the  functions  of  the  liver.  For  the  present  purpose,  it 
is  sufficient  to  state  that  bile  is  a  greenish-yellow  liquid,  of  bitter  taste 
and  alkaline  reaction.  It  is  soluble  in  water,  changes  with  rapidity 
under  the  influence  of  the  air,  or  even  spontaneously.  Its  specific  grav- 
ity is  about  1.028.  An  ultimate  analysis  of  its  organic  material  shows 
C.g,  Hgj,  Ojj,  Nj,  with  sulphur.  Its  aspect  is  therefore  that  of  a  hydro- 
I'-arbon,  and  it  stands  in  strong  contrast  witli  the  nitrogenized  bodies. 
It  is  a  significant  fact  that,  even  in  the  lower  tribes  of  life,  it  is  uniformly 
t^tischargcd  into  the  upper  part  of  the  intestine.  Bidder  and  Schmidt 
estimate  the  diurnal  quantity  of  bile  at  54  ounces,  containing  5  per 
cent,  of  solid  matter ;  they  also  give  the  following  table  of  the  diurnal 
amounts  of  the  various  digestive  fluids  secreted  by  a  man  of  the  stand- 
ard weight,  140  pounds : 

OiirHaJ  Amount  of  DiffUtivt  Steretim: 

SaliTK 3.80  Ibe.,  coDUining  Bolid  matter  1.  per  cent. 

Bile 8.80     "  "  "         "       B. 

Gastric  Juice 14.08    "  "  "        "      3.        " 

Pancreatic  Jnice...       .44     "  "  "         "       *.l       " 

IntoalinalJnicos . . .       .44    "  "  "        "      1.5      '• 

The  bile  does  not  appear  to  exert  apy  agency  in  effecting  the  digestion 
of  either  nitrogenized  or  amylaceous  bodies.     The  period  of  its  max- 
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ramm  production,  wliicli  is  Hi  or  14  hours  after  a  meal,  docs  not  coincido 
with  the  period  of  tiiost  cm^r|*etic  digestion. 

Willi  these  natenienta  of  the  natnrc  of  tltc  various  juices  which  pass 
into  tito  small  intesTine,  we  may  prorced  to  investigate  tho  phenomena 
of  the  digestion  carried  on  in  that  tube. 

Id  1832,  Dr.  Bright,  to  irhom  medicine  is  so  much  indebted  tor  hi:* 
dJLicoTcncs  in  rdatiuii  lo  the  pathology  of  the  kidney,  pub-  j^^y^f^ 
liabed  thieo  cases  of  disease  of  the  pancreas,  attended  by  llie  p(>w«ror|Mn. 
•ppeaimnce  of  a  lorgw  fjuatitity  of  fat  in  the  fa-ccs,  and  drew  *^"*  ^^ 
the  inferonce  tliat  in  sudi  morbid  Hiaie^  the  fat^  are  im{>erfratly  digested. 
More  recently,  M.  Ik'rmun]  has  published  experimental  ovidcnoc  to  prove 
that  the  digestion  of  (lie  fats  consists  in  bringing  ilictn  into  tJie  condition 
of  on  einid^ion,  and  that  the  |Mincrcatic  juice  accoraplishes  this  ol^ecC. 

Whatever  influence  the  pancreatic  and  enteric  juices  can  escrt  ot» 
«taix.-fa  ojid  oil  outside  of  the  body,  in  artiticial  experirocnta,  they  un- 
doobtedly  exert  it  in  the  small  intestine  as  long  as  tJie  tcniperaturc  is 
Ibe  same.  On  starch,  the  action,  na  lias  already  been  stated,  is  to  clTect 
ita  conversion  into  sugar,  and  then  into  lactic:  acid.  The  oils  an-  turned 
into  etnulsiuii-s.  TIio  ixinstitutional  relation  between  ataruh  and  lautic 
■eid  bi  sueti.  tliat  iC  in  prej^entic  of  water,  one  atom  of  the  9„i^i,itio„(,f 
fonncr  be  equally  and  systematically  Bplit  or  diviilcd  into  bumU  taw  Uo. 
tvo  portions,  those  portions  are  atoms  of  lactic  acid.  And 
MQCo  this  substance  contains  no  nitrogen,  its  oxidation  either  artificially 
or  ill  the  interior  of  iho  ayiitem  gives  origin  to  carbonic  acid  and  water 
— bodies  wliidi  can  at  once  be  removed  by  the  action  of  the  skin,  or  the 
Inngs.  or  tlie  kidneys. 

Itespccting  tUc  digestion  of  the  carbohydrates— Kwlhilnso.  g^tra,  starch* 
and  the  different  kinds  of  sugars,  it  may  be  remarked,  that  ccl-  pj-^n^  „f 
luIoM*,  of  wliirh  the  pith  of  elder  is  an  example,  and  which  it"-  •■■•rhohj* 
occurs  in  a  pure  form  in  Swedish  filtering-paper,  not  only  re-  '  "'"*" 
stjits,  in  artiticial  experiments,  the  action  of  the  digestive  juices,  bat  also 
it  would  appear  to  do  so  naturally  in  the  higher  tribes,  and  heiicc  it  is 
abundantly  found  in  the  excrement  of  the  hcrbivora.  To  this  statoiiient, 
perhajM*.  however,  the  case  of  the  beaver  afibrdu  an  pxwpiion,  r>ij:»ii<>no* 
there  being  reason  to  suppose  that  this  animal  possesses  the  «<<>i>ti<"«- 
nowrr  of  digesting  cellulose. 

Tbt«s  can  be  no  donbt,  moreover,  that  many  inacets  have  the  same 
fMwer,  for  chitin,  which  may  be  obtained  from  their  wing-cases,  and  which 
r<-tiin«  the  appearance  of  the  structure  of"  the  psrt.  mav  be  considered  a* 
ceUtloae  unite*!  with  a  nitrogenized  body,  havijig  the  constitution  of  in- 
sect buitcular  6bre.  This  sabstaiiee  not  only  constitutes  the  skeleton 
c-f'  -  ^  .  their  scales.  Iiaira,  and  enters  into  the  construction  of  their 
I-  >ut  even  forms  one  of  the  coats  of  their  Intestinal  canal.     Since 
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it  doea  not  appear  that  thej  can  metamorphose  other  carbohydrates  into 
this  body,  wc  may  infer,  as  would  indeed  seem  probable,  considering  the 
nature  of  the  food  of  many  of  tbcm,  tiiat  they  can  digest  woody  6bre. 
The  digestive  apparatus  of  man,  however,  can  not  exert  such  a  power. 

Neither  does  it  appear  that  gum  undei^es  either  digestion  or  absorp- 
Digutionof  tion.  In  artificial  experiments  it  also  resists  the  action  of  di- 
gam.  gestivQ  fluids,  and  is  not  changed  when  present  during  the 

fermentation  of  other  bodies,  even  though  its  exposure  thereto  be  contin- 
ued for  several  days.  Administered  to  animals,  it  is  almost  entirely 
voided  with  the  excrement.  Thus  Boussinganit,  having  given  to  a  duck 
fifty  grammes  of  gimi-arabic,  obtained  forty-six  grammes  from  tlie  ex- 
crements in  nine  hours.  In  an  experiment  upon  an  old  rabbit,  to  which, 
with  a  diet  of  cabbage-leaves,  ten  grammes  of  gum-arabic  were  daily  given 
by  Lehmamif  the  gum  being  administered  in  solution  in  water  by  injec- 
tion into  the  stomach,  no  trace  whatever  of  gum  could  be  detected  in 
the  urine,  none  in  the  chyle  of  the  thoracic  duct,  and  none  in  the  blood, 
but  it  was  easily  enough  recognized  in  the  excrement.  From  this  he 
infers  that  the  preparations  of  gnm,  which  are  sucli  favorite  medicines 
with  some  physicians,  yield  to  the  animal  oiganism  only  an  extremely 
small  quantity  of  material  of  a  nature  to  support  the  respiratory  process, 
and  that  their  uses,  if  they  are  of  any  use,  can  be  merely  negative  in 
acute  diseases. 

Of  the  carbohydrates,  stareh  is  perhaps  the  most  important,  occurring 
OigMiionof  as  it  does  in  abundance  in  vegetable  food.  It  can  not  be  made 
•urch,  iige  of  jjj  tiig  Bystem  without  first  being  transmuted  into  dex- 
trine, sugar,  and  eventually  lactic  acid,  these  changes  being  greatly  ex- 
pedited if  it  has  been  previously  prepared  by  boiling  in  water,  or  other 
equivalent  operations  of  cooking.  The  saliva  commences  the  action, 
which  in  man  is  even  prolonged  in  the  stomach,  and  in  the  iierbivora  still 
more  decisively  in  the  paunch,  in  birds  in.the  crop.  On  gaining  the  stom- 
ach, the  farther  transmutation  of  the  starch  is  arrested  by  the  gastric 
juice,  but  after  reaching  the  duodenum  it  is  resumed  with  greater  energy 
than  ever,  imder  the  influence  of  the  pancreatic  juice.  Reacliing  the  ile- 
um, the  intestinal  juice  continues  the  acrion,  though  with  less  vigor.  In 
this  passage  to  the  large  intestine,  the  starch  is  gradually  assuming  the 
condition  of  dextrine  and  sugar,  the  former  substance  passing  into  the 
latter  with  such  facility  that  it  can  only  be  recognized  transient]*'. 
Doubtless  the  sugar  thus  arising  is  in  great  part  directly  absorbed,  thou^ 
some,  before  the  coecum  is  reached,  is  transmuted  into  lactic  acid,  and  flUi- 
er  portions,  after  passing  through  the  ileo-coocal  valve,  into  butyric  acid. 

From  what  lus  been  observed  respecting  starch,  it  may  bo  infemd  how 
Dtf^tion  of  important  sugar  is,  since  through  the  condition  of  sugir  alone 
•ug"-  is  starch  available  for  the  uses  of  the  system.     It  is  t)  be  rec- 
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oUerteoU  however,  that  migar  itself  is  only  an  intermedintc  or  transitorr 
ttagc,  (hrougb  which  the  carl>oliydmtc  ia  |>aS8ing,  a  coimideration  which 
eji|ilaiiis  the  arcuiuDlaiux!  that  it  doeu  not  occur  cvon  In  the  portal  bloo«1 
to  each  au  extuit  as  might  be  expected,  nor  yet  in  the  chyle.  Borne 
have  been  led  to  infer  from  these  facts  that  this  substance,  like  pim,  is 
ID  rfjihly  only  very  tardily  absorbed,  on  opinion  which  they  suppose  to 
be  sijcn^hciicd  by  the  circumstance  Uut  glucose  or  any  other  kind  of 
nffu,  introduced  into  tho  jugular  vein,  runs  tlirougli  tlic  course  of  the 
ciKtilatinn,  and  is  secreted  unchanged  by  the  kidneys.  Hut  it  is  to  be 
nuMWibercd  that  portal  blood  is  very  different  ^om  the  proper  systemic 
Uood,  and  tbat  there  are  many  cliangcs,  beyond  ail  que^linit,  which  can 
take  place  with  rapidity  in  the  former,  Wt  which  do  not  take  ])la(xt  in  the 

Ulicr. 

Sugar*  n-hcihcr  it  has  Iwen  received  as  an  ingredient  of  the  food,  or 
Biiaeii  from  the  tnetnmorpliosift  of  starch,  i:^.  ua  wo  luivQ  said,  only  a  tcin- 
panry  fonii,  which  passes  quickly  onward  to  the  state  of  lactic  acid.  To 
this  we  must  impute  the  acid  reaction  which  ie  ohsen'cd  throui;hout  the 
length  of  liic  snudl  intestine,  and  which  can  not  Ite  attributed  to  the  gas- 
tric joicc,  a  reaction  occurring  in  spite  of  the  alkalinity  of  the  bile  and 
panotttic  accretion.  This  pushincr  of  tlic  c»ri>oKydrate  forward  to  the 
•tete  of  lactic  acid  is  very  gcncmlly  imputed  to  the  iutcstuial  juice,  which 
gRally  rc-«aforcc8  the  power  of  tlie  saliva  and  pancreatic  iluid;  gome  have 
enn  anpposed  that  the  bde  aids  in  producing  this  vfftxA,  Of  this,  how- 
ever, there  is  no  satisiactory  proof. 

From  tho  ex|)eriments  of  Von  Rocker,  who  injected  saccliarine  aoln- 
tioas  at  inicrv-ala  of  a  qimrtcr  of  an  hour  into  tbc  stomach  of  rabbits,  it 
ma  found  that  4.5  parts  of  sugar  were  absorbed  each  hour  tor  every  1( 
puis  weight  of  the  animal.  Whatever  may  have  been  the  form  of : 
■dmtuislcred,  ath  for  indance,  caue-sugnr,  it  quickly  passes  into  the  coif 
dition  of  glacoae  in  the  intestine,  and  from  that  to  lactic  acid.  Thus  si 
V  af  milk  may  bo  traced  in  an  hour  &i^  far  as  tlic  ca*c-um,  coiiiniunic 
liqg  to  tlie  contents  of  tlic  small  intestine  an  intense  acid  reaction. 

Suwe  lactic  acid  disciiargcs  very  important  offices  in  the  animal  econ- 
omy, it  may  he  worth  while  to  obsorN-c  its  properties,  and  p  .  .^^ 
the  cirromstanoea  under  which  it  is  produced.  Very  many  profMrtivof 
li<jui<I«  containing  organic  matter  yield  it  abundantly:  thus  it  •"**■*''*• 
i>  found  in  saurir  hatU,  n  preparation  of  cabbage.  It  is,  however.  moiQ 
convaiiently  obtained  trom  milk,  and  hence  the  term  lactic  acid.  The 
dllutnl  Boluliun  obtained  from  this  source.  Ijeing  concentmtcil  by  cvnp- 
onlioiu  funiiiduKJ  a  simpy  liqaid.  heavier  than  water,  liaving  an  intcnse- 
iy  aonr  taste,  a  great  affinity  for  water,  and  therefore  attracting  it  firom 
■r*  and  dissolving  frody  in  it.  With  mct.'Uiic  oxides  it  forms  roIu- 
mltB,  and  in  tlie  concentrated  sirupy  state  has  tho  remarkable  con- 
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atitution  that  it  contains  six  atoms  of  each  of  its'  elements,  carbon*  hy- 
drogen, and  oxygen. 

The  production  of  this  acid  in  organic  substances  is  veiy  common. 
It  depends  on  the  same  principle  as  presented  in  duodenal  digestion, 
which  it  therefore  very  strikingly  illustrates.  As  an  example  deserving 
of  attentive  consideration,  its  development  in  milk  may  be  offered. 

When  milk  is  exposed  to  tlie  air  It  eventually  turns  sour,  the  sour- 
ness being  due  to  the  appearance  of  lactic  acid.  In  its  sweet  state,  tho 
milk  may  be  regarded  as  consisting  of  casein,  or  the  curdy  principle,  a 
substance  belonging  to  the  protein  group,  insoluble  in  pure  water,  but 
abundantly  soluble  ifalittlefrec  or  carbonated  alkali  be  present ;  of  milk 
sugar,  dissolved,  and  of  butter  held  in  suspension  in  water.  The  ac- 
Prodoction  of  *'^"  taking  place  during  the  souring  is  as  follows :  Under 
Imctir  Add  the  influence  of  atmospheric  oxygen,  which  for  this  purpose 
"""  ^'  most  have  access,  the  nitrogenized  principle,  the  casein,  be- 
gins to  change,  and,  for  reasons  presently  to  be  more  particularly  exam- 
ined, impresses  a  change  on  the  sugar,  splitting  its  atom  so  as  to  give 
rise  to  the  production  of  lactic  acid.  As  this  forms,  it  rendere  the  casein 
insoluble,  and  the  milk  begins  to  coagulate,  to  prevent  which  a  little  car- 
bonate of  soda  may  from  time  to  time  be  added.  All  the  sugar  origin- 
ally present  in  the  milk  is  soon  acidified,  but  a  much  stronger  solution 
can  be  made  by  adding  more  milk  sugar  as  the  process  of  exhaustion 
goes  on,  and  the  change  can  be  thus  kept  up  until  the  casein  itself  is 
quite  consumed. 

On  examining  this  process  critically,  we  observe  that  every  thing  de- 
pends on  the  change  occurring  in  the  nitrogenized  principle,  the  casein. 
This,  under  the  circumstances,  takes  on  an  incipient  oxidation,  and  com- 
pels the  sugar  atom  so  to  divide  as  to  give  rise  to  the  production  of  lac- 
tic acid.  This  ceases  the  moment  the  casein  ceases  to  change,  and  re- 
commences the  moment  the  casein  is  permitted  to  reoxidize.  The  de- 
struction taking  place  in  the  casein  is  propagated  to  the  sugar,  the 
physical  peculiarity  being  that  the  atom  of  sugar  is  merely  divided,  fis- 
sured, or  split,  and  gives  rise  to  the  production  of  lactic  acid,  and  no 
other  substance.  The  whole  process  is  therefore  essentially  one  of  sub- 
division, a  conclusion  which  should  be  carefully  borne  in  mind  in  apply- 
ing these  experimental  principles  to  the  physiological  funcHon  of  diges- 
tion.    So  far  as  the  result  is  concerned,  the  two  cases  are  the  same. 

Many  other  organic  liquids  furnish  similar  illustrations.  Thus,  in 
Production  of  *^®  Operation  rf  making  starch  for  commercial  purposes,  con- 
lactic  arid  siderable  quantities  of  that  substance  are  turned  into  lactic 
from  starch,  ^jj^  constituting  what  the  manufecturera  term  sour  Hqtior. 
Nor  is  it  even  requisite  that  so  much  water  should  be  present  as  to  give 
tlie  liquid  condition ;  for  if  wheat  floor  be  made  into  a  paste,  and  kept  for 
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ae  days  in  a  warm  place,  its  gluten  induces  sach  a  change  that  the 
^ftlareh  tarns  into  lactic  acid,  and  the  })a»te  becomes  sour. 

0(  lactic  acid  there  are  twu  kinds ;  that  derived,  an  hereafter  etAted. 
from  mnsclc  jnicc,  in  tlic  alpha  lactic  acid,  and  that  from  the  Alphiondbcu 
italion  of  Bugnr  tlin  beta  lactic  acid.  As  it  occurs  in  l««*i<»«dd. 
gaetric  juice,  associated  with  or  replacing  hydrochloric  acid,  it  is  of 
tbe  beta  variety.  Wliatevcr  may  have  been  the  source  of  this  portion 
it,  whether  it  liaf  been  derived  by  gastric  secretion  or  thnmgh  the 
srontncion  of  nniylaceoua  food  by  the  ealiva,  ii«  abiindaat  occunvncc 
in  the  oontcniii  of  both  the  smnll  and  large  intestines,  ui  which  iC  is  rec- 
ognized by  thr  pi^eiiliaritica  of  ita  Jiinc  and  mngncsin  salts,  uontirm  the 
eonclusion  tliat  in  thi.^  nisc,  at  least,  the  beta  fnnii  arises  from  tlie  opera- 
tion of  tbe  digestive  juices. 

Iju"tic  acid  undergoes  rapid  absorption  through  the  intestine,  and  is 
^•8  rapidly  diapoHe<l  of  in  the  system.  Thus  Ijefaniann  found,  after  tak- 
ing half  an  ounce  of  dry  lactate  of  soda,  that  in  thirteen  minutes  his 
nrino  had  become  alkaline.  Ou  injecting  the  same  salt  into  the  jugular 
van,  it  apjKarcd  in  ironi  tivo  to  twelve  minutes  as  carbonate  of  soda  in 
the  urine. 

Berzelius  first  discovered  the  exifrtence  of  lactic  add  in  the  jnicc  of  the 
mmtclt^a.  Liehig  #howe<l  tliat,  in  qnnntity,  thcn^  is  more  pn^u^iion  of 
present  in  this  source  than  is  sufiieieiit  to  neutralijee  the  alkali  '•«''"'  "'^•''  ^r 
of  all  the  otlier  liquids  or  jui<«a  of  lliu  body.  Muscle  lao- 
rlic  acid  is  remov(«l  away  with  rapidity  by  the  lymphatics.  Berzelius 
icluded  timt  its  quantity  increa-'sos  in  projKirtion  to  lliu  exercise  thf 
inaele  has  undergone;  and  this  would  lead  to  the  inference  that  it  m 
''one  of  the  chief  products  of  muscular  waste ;  for  it  is  not  to  be  supposed 
that  its  ajipcATunce  in  rnusnlo  juice  i.^  btxau.tc  those  organs  iittract  it 
ftom  the  blood,  in  whieb  it  pre-exiats,  derived,  perhaps,  from  the  trana- 
f  ;"  •  n  of  amylaceous  Ruhstanoes  in  the  iniesrinc,  for  llic  muaclcji  of  the 
I  •■  yield  an  much  of  it  as  those  of  the  hrrbivora ;  and  thongli  it  can 

not  be  artificially  made  directly  from  albuminous  material,  yet  it  wonld 
that,  with  urea  and  ammonia,  it  might  arise  from  the  breaking  up 
cmtine.  From  glycerine  lactic  acid  may  l»e  also  develo[>cd.  Wlion- 
oii  excess  of  it  i.n  produe-Ml  in  tlie  system,  either  by  muscular  action, 
diet,  or  imperlcct  oxidation  in  the  blood,  it  may  Ixi  detwted  in 
arine.  Under  ordiiuiry  circumstances,  doubtless,  very  large  quunti- 
ties  nf  it  are  di'}ttra\'cd  in  the  circulution,  giving  rise  to  the  production  of 
carlionin  ariil  and  water  with  a  dittcngagemcnt  of  heat. 

We  can  not  here  fail  tn  n^niark  liow  tlie  process  of  oomminuling  the 

is  cajritfl  fbrwanl  to  aurji  im  extent  that  the  absorbent  rhnui  dix»«i- 

are  able  to  l«kc  it  up.      The  action  fir^t  Vgins.  »w  liss  ]^  l^^Z' 

■howD  in  detail,  by  cutting  and  cnudung  implements,   Imm. 
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the  teeth,  and  when  these  have  carried  the  subdivision  as  6u  as  mechanical 
means  can,  it  is  continued  by  chemical  agents.  Upon  these  principles, 
the  pancreatic  juice  divides  starcli  into  lactic  acid  in  duodenal  digestion — 
a  product  whidi,  without  difficulty,  finds  its  way  at  once  into  the  syBtem. 

Besides  starch  and  sugar,  there  is  another  'group  of  bodies  belonging 
Digntion  of  to  the  class  of  calorifacient  food,  which,  in  the  case  of  camiv- 
^^  orous  animals,  seems  to  be  exclusively  employed.     The  fats 

and  oils  constitute  this  group. 

The  action  of  the  pancreatic  and  enteric  juices  upon  these  bodies,  in 
bringing  them  into  tlte  condition  of  an  emulsion,  has  already  been  stated. 
That  this  occurs  in  the  intestine  appears  from  the  fact  that  if  the  pan- 
creatic duct  be  tied,  no  emulsion  fonns,  and  the  chyle  in  the  lacteala 
is  limpid  instead  of  being  milky.  In  the  rabbit  this  duct  opens  much 
lower  in  the  intestine  than  the  biliary,  and  it  is  observed  that  it  is  only 
after  the  food  has  passed  that  point  that  it  becomes  emulsioned.  The 
place  for  pancreatic  digestion  seems  to  be  very  constant  in  tribes  that  are 
&r  apart  in  habits  of  life.  Thus,  in  fishes,  the  pancreas  consists  of  a  cor- 
onet of  ccecal  tubes,  surrounding  the  pyloric  extremity  of  the  intestine, 
each  opening  into  that  organ  by  a  separate  mouth. 

The  fiits  reach  the  duodenum  without  undergoing  any  change.  There, 
under  the  influence  of  the  pancreatic  juice,  they  become  subdivided  into 
extremely  minute  portions,  which,  absorbed  by  the  lacteals,  give  to  the 
chyle  its  characteristic  aspect.  Beyond  this  condition  of  subdivision 
no  other  change  is  thus  far  impressed,  the  fat  of  the  lacteals  being  abso- 
lutely the  same  as  that  of  the  chyme.  To  the  introduction  of  fat  into 
the  lacteals,  the  presence  of  bile  seems  to  be  necessary,  or,  if  not  absolute- 
ly necessary,  absorption  is  greatly  facilitated  by  it. 

The  gastric  and  pancreatic  juices  stand  in  a  remarkable  relation  to  one 
Bernard'n  doc  ''"<>*1'S'"<  ^^^  former  being  an  acid  liquid,  having  the  power 
trine  of  the  ef-  of  bringing  into  a  state  of  solution  nitrogenized  bodies,  such 
ud  ■tkaiinity  ^  fibrin ;  the  latter  alkaline,  without  action  on  nitrogenized 
|n  the  diKcst-  bodics,  but  Operating  energetically  on  starch,  sugar,  and  oils, 
ivejuioea.  y^Qj^  f\^\g  jj  might  be  supposed  that  the  intrinsic  qiialities  of 
these  juices  are  different,  and  that  they  act  in  this  manner  because  of  a 
special  dissimilarity  of  constitution. 

Attempts  have  been  made  to  prove  that  this  difiercnce  of  action  de- 
pends wholly  on  the  chemical  relations  of  the  juice  itself.  If  pancreatic 
juice  or  saliva  be  purposely  acidulated  with  Iiydrochloric  acid,  it  is  said 
that  it  loses  at  once  the  power  of  acting  on  calorifacient  food,  but  can 
bring  about  the  solution  of  the  histc^netic  On  the  other  hand,  if  gas- 
tric juice  be  rendered  alkaline  by  admixture  with  soda,  it  no  longer  dis- 
solves fibrin  or  ooi^;ulated  albumen,  but  gains  the  power  of  acting  on 
starch  and  sugar.     Since,  then,  it  thus  appears  that  the  same  organic  body 
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becomes  endowed  with  oiie  or  othnr  of  these  propcrlies,  according  as  it  is 
addahitad  or  alkuiinizeJ,  the  function  of  digestion  is  jirpscnt^d  to  ns  un- 
der a  .simple  osjwcL  It  is  upon  thc»c  principles  thut  we  may  explain 
ifao  fact  that  tlie  prcfvjtcc  of  bile  in  the  stomach  suqwndii  or  orrvflts  the 
digestion  going  on  in  that  organ. 

Though  titc  vicwa  hpr«  cxpresMd  are  ftach  an  are  Te<!eive(l  among  manjr 
ijiemu<ta,  yei  it  is  still  opn  for  consifleration  wlicthcr  the  Tb«  naiun  of 

nature  of  the  result  which  in  reached  in  these  cawn  doe*  not,  *^''  •"■«"''  '"• 

.  .      gredieiit  man 

to  a  gn'Al  extent,  uepeiiu  upon  the  nature  ol  the  organic  hufiorraniibu 

dmiging  body,  the  ferment,  which  first  sets  np  tlie  action.  ''"  ™*i.uflB, 
Itanjr  cireumtttanecs  would  htad  iw  to  infor  that  this  mui^t  lio  the  enac, 
ud  that,  03  with  ditlerencea  of  trnipemrure,  so  aliM  with  these  diffbrcncca, 
the  final  result  may  present  distinct  variations,  though  they  may  !»  with- 
in a  certain  range  or  limit.  Thus,  though  the  fuiltva  and  {»ancn>atic  jQic<> 
are  both  alkaline,  and  both  impress  iik  a  general  way  the  same  digestive 
duiDge  on  starch  and  «ngar,  a  minute  examination  of  the  results  of  their 
action  would  doubtlei<s  lead  to  the  detet^tion  of  shade:;)  of  dilTcrciiRi- — va- 
riations which  could  uuly  be  attribuuvl  to  tlitt  ditVerumw  Ix-twoen  the  act- 
ive organic  principle  of  the  pancreatic  juice,  and  ptyaline,  the  correspond- 
ing principle  uf  the  Kaliva. 

The  impiiled  control  which  the  alkalinity  or  aridity  of  the  digesting 
jaices  cjierts  in  deieimining  tlie  reauli,  illustrates  llie  import-  „  ,  ^  . 
nut  fiuKiion  dit<eharj;i.-d  by  <."oi!ituoii  suit,  which  funiifhcs  to  f«tntiM>a»lt  in 
the  juJiws  of  the  Btomach  and  intestine  the  characterii^tic  in-  ^'*  *"'' 
gndientfl  tiiey  require  by  breaking  up  readily  into  hydrochloric  acid  ami 
■odft*  and  re-fonuing  at  once  whenever  these  maleriiils  are  brought  in 
eontacC  There  is,  therefore,  an  imjiortanc  rcAi'ou  for  tlic  instinct  wltieJj 
nfi«"nil»  display  in  resorting  to  the  use  of  this  sntwtanet*,  as  in  the  Imffii- 
lo  licks  at  llie  West,  and  the  necessity  wliich  men  eT]»eriei»cc  to  add  it 
a»  a  candiroeiil  to  tlieir  food.  But  though,  by  furnishing  an  Aci<l  or  at- 
kali,  as  the  case  may  be,  it  determines  (he  nature  of  the  work  which  the 
•ecrftiog  juices  pertbrm,  it  is  not  to  be  regarded  as  the  prime  mover  of 
tlie  change.  It  guides  rather  than  works.  The  f^fhdent  principle  bring- 
ing about  digestion  appears  idways  to  be  a  nitrt^eniiUHl  body,  acidulated. 
perhapit,  for  the  pmductiun  of  one  duty,  and  rendered  alkaline  tor  the  per- 
fimnanoe  of  another. 

Directing  our  attention  now  moro  particularly  to  the  phenomena  dis- 
played by  such  a  dianging  nitrogenize<l  principle,  tlw  following  lllnstrs- 
ttons  will  serve  to  show  fliat  there  is  nothing  mysterious  in  its  o|)eraiion. 
Ool  of  many  cases  which  might  be  selected,  tliose  now  to  be  offered  arc 
more  particuUrly  interesting,  since  they  refer  to  subetonoos  extensively 
oaed  in  the  diet  of  man. 

First,  of  wine.     A  grape,  if  perfectly  sotmd,  will  kcrp  for  a  consider- 
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niastntiion  *^^^  length  of  time  without  undergoing  any  change  ;  but  if 
frum  the  mak.  a  punctuK  be  made  in  it  to  give  the  air  access,  it  rapidly  de- 
ing  wine.  teriorates.  The  precise  cliange  taking  place  is  perhaps  bet- 
ter understood  by  observations  on  the  expressed  juice  of  this  fruit.  If 
grapes  be  pressed  beneath  the  surface  of  quicksilver,  and  the  juice  be  col- 
lected in  an  inverted  jar,  without  ever  coming  in  contact  with  the  atmos- 
pheric air,  it  may  be  kept  for  a  long  time  without  any  apparent  change ; 
but  if  a  small  quantity  of  air,  or  only  a  single  bubble  of  oxygen  is  per- 
mitted to  enter  the  jar,  and  the  temperature  is  that  of  a  summer's  day,  an 
intestine  commotion  or  fermentation  at  once  ensues,  carbonic  acid  escapes, 
alcohol  arises  in  tlie  liquid,  and  the  sugar  which  was  in  the  grape-jtiice 
disappears.  But  the  quantity  of  sugar  thus  capable  of  being  destroyed 
is  limited,  and  a  point  is  eventually  reached  at  which  no  more  stigar  can 
be  decomposed,  and  no  more  carbonic  acid  set  free. 

The  juice  of  the  grape  contains  a  nitrogenized  principle  resembling  al- 
bumen. It  is  this  which  is  in  reality  the  active  body.  So  long  as  ox- 
ygen is  excluded,  this  nitrogenized  substance  remains  unaltered,  but  the 
moment  the  air  finds  access,  a  cJrnnge  begins.  The  sugar  which  is  pres- 
ent in  the  juice  becomes  involved  in  the  movement  going  on,  which  is 
propagated  by  degrees  to  all  its  atoms,  dividing  each  into  two  well-known 
and  well-marked  bodies.  The  period  at  which  no  farther  change  takes 
place  in  portions  of  sugar  which  may  have  been  purposely  added  is 
when  the  nitrogenized  principle  has  disappeared. 

Carbonic  acid  and  alcohol  are  the  two  substances  arising  in  this  de- 
composition. Their  mode  of  origin  is  obvious  when  it  ia  understood 
that  one  atom  of  sugar  can  be  so  divided  as  to  yield  four  of  carbonic  acid 
and  two  of  alcohol.  In  this  arti6ci3l  instance,  the  subdi^nsion  is  even 
more  complex  than  that  which  occurs  in  duodenal  digestion,  in  which  the 
sugar  atom  is  sul)divided  into  two  equal  and  symmetrical  parts,  two 
atoms  of  lactic  acid.  In  the  tbllowing  formulas,  (1)  represents  the  case 
of  vinous  production,  (2)  that  of  duodenal  digestion : 

(1) C,,  H„  0,,-4  (CO,)4-2  (C,  11,  OJ. 

(2) C„n„0,,=  2(C,H,0^. 

Second,  of  bread.  If,  in  the  preceding  case,  a  transmuting  nitrogen- 
j,.  .  ized  body  breaks  the  sugar  atom  so  that  alcohol  is  one  of  the 
i>om  making  products,  and  upon  this  principle  all  wines  and  intoxicating 
of  bread.  liquors  are  made,  the  instance  now  presented  is  of  far  more 
interest  to  the  well-being  of  man.  The  use  of  wine  undoubtedly  adds 
not  only  to  social  enjoyment,  but  sometimes  conduces  to  health — a  ben- 
efit, alas  1  often  attended  with  a  thousand  ills.  Not  so  with  bread,  em- 
phatically and  truly  described  as  the  staff  of  life. 

The  making  of  wine  and  of  leavened  bread  are  two  of  the  oldest  chem- 
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i«l  prooeaws.  Their  origin  in  lost  in  a  remote  antiquity,  ami  so  iini- 
Ternllf  are  their  benetits  acknowledged  that  ihcir  use  tit  dilfustid  all  gvci- 
tbe  world. 

ExiK-ririicc  proves  that  iho  Iwst  l)read  is  mmh  from  fine  whcalcn  Sour, 
mixed  into  a  pajjic  with  a  doe  proportion  ot'u-utcr.  A  (certain  ijuaiitity 
oTa  nitrogenized  ^nhstanop  undergoing  innpicnt  oxidation,  termed  yeaeU 
ia  added,  and  tlus  wludo  eulunittcd  to  a  g(!ntlc  temperature  All  flonr 
eootains  n  Kiunll  quantity  of  sugar;  on  this  the  yeast  immediately  act», 
£iriding  it,  ani  iu  the  foniier  case,  into  carbonic  acid  and  alcohol.  li' 
(iDOUgli  eugar  i«  not  present,  more  under  ihu  curcuiiiettauceii  in  formed  from 
ttarclu  The  acid  gu«,  as  it  is  i^^-t  freu.  can  not  extricate  Itsclj'lron)  the 
turrounding  dough,  but  expan^Is  into  a  diousand  little  vesicleti  or  bub- 
hles,  which  give  that  peculiar  porosity  for  which  this  kind  of  bread  is  ao 
highly  prized.  At  this  period,  bclbre  Imkiiig,  the  other  subalance  which 
has  ariiu>ii  from  tlie  destruction  of  the  Bugnr — the  alcohol — in  contained 
Iq  Uie  dough,  and  is  cxpelliHl  tlicrcfrom  along  with  the  exccsa  of  water 
by  the  high  tcmjjeratiire  of  tlic  oren.  which  also,  by  increasing  the  expan- 
lion  of  the  inrludi.'d  gas,  adds  1o  the  porosity  of  the  brtad.  In  some 
taking cttlablishmt'uta  armngcmcuts  Imvc  occasionally  l.>een  made  to  coti- 
(loue  the  alcohol  as  it  hse.t  trom  the  bread.  The  good  and  evil  of  liJe 
an  often  closely  iatennixed.  The  advocate  of  total  abstinence  from  al- 
eohol  roay  wirli  reason  look  u|>on  half-baked  bread  dii^tnislfully.  The 
itmny  Ls  lyiiitr  in  and>imh  for  him. 

On  ttomo  oi'casionft,  ins^tead  of  using  yeast,  a  |nece  of  leaven,  that  is. 
ikmgh  in  a  state  of  incipi^t  putrefaction,  ia  employed.  The  mode  of 
■ction  ii,  however,  the  same,  Tlie  nsc  of  this  mnterifll  well  iUnslTatea 
the  prugTfaaive  nature  of  tliese  changes,  and  how  the  action  gwdaally 
puKs  ^m  |)oiiit  to  {toint  of  the  entire  mans.  It  is  vrrittcn,  "A  little 
laiveii  lea\'eiieth  the  whole  lump." 

In  the  cases  here  presented  tiic  action  is  one  of  subdivision.  A  coin- 
{ilex  atom  lias  its  constitution  broken  u|>,  and  is  separated  TbeM  actiwn, 
into  distinct  parts.  When  such  a  cluinge  is  once  commenced  ™[!]n'*^J![^ 
is  K  majts,  lliere  is  n  liability  for  the  whole  to  hcc^omt;  in-  Mb-iirUioaii. 

^v<Jved,  just  an,  when  we  ignite  one  point  in  a  [wle  of  rombustiUca,  the 
fire  spread*)  throughout ;  or  aa,  H-lteii  ou  one  part  of  a  piece  of  fresh  meat 
•  snult  portion  in  a  pulre^eut  state  ui  laid,  the  corruption,  with  mcasure^l 
npidity,  proceeds  I'roui  jwrt  to  part,  until  the  whole  is  decayed.  Oik* 
Jifirr  another,  the  particlejf  submit  in  succession. 
^Urer  all  the%  subdividing  actions  beat  v.xerta  the  most  exiraoidiiuuy 
lute 
laift 


larnce,  so  that  fur  a  given  effect  to  lie  proiluced  it  i^  nbtno-  inHiximar 
lately  neoefisar)'  tliat  a  given  temperature  should  be  main-  I'l^'l^Sin^ 
taiucd.     Tbuii,  if  we  take  the  saccharine  juice  of  alinoiit  any  «ctiM>*. 


kind  of  iruit,  and  cause  it  to  be  acted  on  by  a  changing  iiitrogeuixed  body. 
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it  will  yield,  as  just  stated,  alcohol  and  carbonic  add  so  long  as  the  tern- 
peratore  ranges  about  ISP ;  but,  every  thing  remuning  die  same,  if 
the  temperature  be  raised  to  100°  or  120°,  neither  alcohol  nor  carbonic 
acid  is  formed,  but  in  their  stead  other  products  arise,  such  as  lactic  acid, 
gum,  and  manna.  Though,  therefore,  decomposition  will  go  on  through- 
out  all  this  range  of  temperature,  the  products  will  vary  very  much,  al- 
cohol being  formed  at  a  low,  and  lactic  acid  at  a  iiigh  degree. 

Again,  the  decomposition  of  milk  furnishes  a  very  instructive  instance. 
When  the  temperature  ranges  from  60"^  to  75°,  the  liquid  turns  sour, 
owing  to  the  formation  of  lactic  acid ;  but  if  the  temperature  is  over  90°, 
the  products  are  diiferent,  for  now  a  true  \'inous  fermentation  sets  in,  al- 
cohol and  carbonic  acid  appearing.  It  is  on  this  principle  that  the  Tar- 
tars make  an  intoxicating  liquid  from  mare^s  milk.  The  fermentation  of 
milk,  therefore,  yields  lactic  acid  at  a  low,  and  alcohol  at  a  high  decree. 

On  comparing  these  illustrations,  the  results  stand  in  direct  contrast, 
but  both  show  the  great  influence  which  a  specific  degree  of  heat  «sxx~ 
ciscs  over  such  subdivisions ;  and,  as  a  consequence  of  this  principle, 
which  obtains  equally  in  the  physiological  case,  we  recognize  the  neces- 
sity of  miuntaining  the  cavity  of  the  stomach  and  intestine  nnifennly 
at  a  temperature  which  is  fixed,  otherwise  there  would  coase  to  be  any 
uniformity  in  the  subdivision  of  the  food,  occasioned  by  the  digestion 
there  going  on.  These  principles,  moreover,  lead  to  the  explanation  of 
the  action  of  such  stimulating  substances  as  alcoholic  liquids,  pepper, 
etc,  which  at  once  determine  a  local  elevation  of  temperature ;  they  also 
explain  the  injurious  eflects  which  may  ensue  from  intemperate  draughts 
of  ice-cold  water. 

A  nitrogenized  substance,  in  a  state  of  cliange*  can  thus  bring  about  a 
definite  action  on  fibrin,  coagulated  albumen,  or  casein  in  the  stomach, 
or  on  starch  in  the  intestine,  so  long  as  a  temperature  of  100°  is  main- 
Ijjm  of  power  taincd,  but  in  every  known  instance  this  transmuting  power 
•"htrh'teiiiM^  ^^  totally  destroyed  by  exposure  to  a  very  low  or  very  high 
ttWre.  degree  of  heat.     Large  masses  of  animal  matter — whole  car- 

casses— may  be  preserved  for  many  centuries  unclianged  if  the  temp<aa- 
ture  is  kept  down  to  32°.  A  striking  example  of  this  occurs  in  the  case 
of  the  extinct  elepliants  which  are  occasionally  thrown  on  the  shores  of 
the  Polar  Sea  from  icebergs,  in  which  they  have  been  entombed  for 
many  thousand  years,  their  flesh  remaining  in  a  perfectly  fresh  and  un- 
decayed  state.  And  as  respects  a  high  temperature,  an  exposure  to  212° 
totally  destroys  the  power.  On  this  principle,  all  kinds  of  meat  or  veg- 
etable substances  may  be  indefinitely  preserved.  If  such  are  inclosed  in 
metallic  canisters,  so  as  totally  to  exclude  the  atmospheric  air,  and  ex- 
posed to  a  bath  of  boiling  water,  they  may  then  be  carried  around  the 
world  without  undergoing  any  chan^ 
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One  of  these  illnstrativB  caaea  Rtill  remains.  It  belongs  to  the  class 
of  clungiis  DOW  under  consideration,  and  deserves  a  pruiniiient  cxaniina- 
Iton  frovn  it«  connection  with  duodenal  digestion.  It  is  the  production 
of  £kity  bodies  irom  stArch  and  sugar. 

Physiological  considerations  assure  us  that  there  are  circumstances 
andcr  which  oils  and  fata  can  be  formed  from  starcli  and  p^^j^j^  ^ 
•ogar  in  the  system.  Animals  can  be  fattened  hy  feeding  fit*  from  or. 
oo  potatoes,  or  other  socli  food,  in  which  the  quantity  of  oil  *  '*""* 
ta  quite  inaignittcunt.  Koch  can  make  wax,  whicli  strictly  belongs  to  the 
group  of  fats,  though  lliey  are  fed  on  |nuv  while  sugar. 

Such  results  can  lie  artiHcially  imitate'].  Tf  a  strong  sohition  of  sugar 
be  mixed  with  a  enmll  quantity  of  casein  and  powdcrud  chalk,  and  cx- 
jxwed  to  A  temperature  of  more  Uian  W^,  carbonic  acid  and  liydrogea  are 
cvoIthI,  and  butyric  acid  forms  oa  tho  butyratc  of  lime.  ThLt  acid  nub- 
atiDoe  is  a  colorless  oily  liquid,  having  the  odor  of  rancid  butler,  in 
wiiich  indeed  it  exists. 

From  a  review  of  all  the  precwling  facts,  we  may  conclude  that  a  vliro- 
geniaed  substance  8ecn>icd  Ity  liic  foUicIes  of  the  stomacli,  Contrutaf 
■nd  undergoing  incipient  oxidation,  acidiJatcd  with  hydro-  Jl^^^u^ 
<^ikric  acid  obtained  by  the  decomposition  of  common  salt,  tiMi. 
or  vith  lactic  acid  produced  by  a  oontinuation  of  salivary  digestion,  has 
tbo  jKiwer  of  dissolving  coagulated  albumen,  and  generally  those  articles 
of  (bod  which  K'lijng  to  the  nilrogenized  class;  that  this  g^)e»  on  in 
tiic  etomacJi,  it  being  tlie  function  of  that  organ  to  etli»:t  the  digestion  of 
thb  kind  of  food,  and  tliereby  contribute  to  the  general  nutrition  of  tlie 
■ystcm.  The  muscnhir  tissues  are  suppUcd  from  tliis  »ourcB,  and  by  tlie 
^omach  Uieir  waste  is  re|miretl. 

Anotlu^  and  ditninci  digestion  takes  place  in  the  intestine,  commenc- 
ing immediately  tAcr  the  food  gains  the  duodenum.  It  too  is  brought 
about  by  the  actiou  of  a  sjK^cial  liquid,  a  mixture  of  the  pancreatic  and 
initttinal  jiuces.  The  chemical  reaction  of  this  juice  ia  alkaline ;  in  tliis 
n»j<^  it  is  tlierefore  antagonistic  to  the  gastric  juice.  This  quality  is 
the  soda  it  contains,  a  sab^nce  derived  coM)rdinately  with  hy- 
lic acid  &om  the  deoompomion  of  common  salt.  The  digestion 
df  starchy  and  saccliaritiB  bodietftfti  thus  effected  by  tUviding  them  so  as 
to  produce  hictie  acid. 

Tliitf  dune,  common  salt  ts  reproduced  by  the  commingling  of  the  ga»> 
trie,  Wliary,  and  pancreatic  itfodncts  together.     Tlio  salt  is  carried  by  the 
into  the  interior  of  the  fl>-stcm,  to  be  again  decom|)08ed. 

y.  I,  the  pancreatic  and  enteric  juices  reduce  the  oleag'inous  and 

(ally  bodi«  to  the  condilion  of  an  cuiulsion,  or.  if  they  be  not  piesotU 
ID  the  food,  give  uri^'in  to  tliem  in  the  way  just  dcscribcil. 

Th*;  itAcliou  of  (he  iiitcrttiual  cuntcnis  nut  only  ditTera  iu  different  por- 
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Snweture  tions  of  the  tube,  but  in  the  same  re^on,  in  diflfeient  parts 
irmnB^hroiLh  "^^  ^^^  Hiass,  its  cxterior  may  be  alkaline,  ita  interior  add,  or 
tfae  inte8tiD«.  the  Converse.  The  acidity  which  has  been  imparted  by  the 
gastric  juice  seems  generally  to  have  disappeared  some  time  before  the 
large  intestine  ia  reached.  In  this  an  alkaline  reaction  is  observed.  The 
causes  of  this  prolonged  acidity  are  very  various.  In  part  it  depends  on 
the  nature  of  the  food,  in  part  upon  the  gastric  juice,  as  has  just  been 
stated,  and  in  part  upon  the  production  of  lactic,  butyric,  and  other  acids. 
The  resinous  ingredients  of  the  bile  may  be  detected  as  far  as  the  lower 
extremity  of  the  ileum.  Glucose,  ori^naf  ing  in  the  action  of  the  pancre- 
atic and  intestinal  juices  on  starch,  may  be  recognized  throaghout  the 
whole  length  of  the  canal,  but  that  which  has  been  introduced  in  the 
food  seems  to  be  absorbed  in  the  stomach  itself;  thus,  in  milk-fed  ani- 
mals, sugar  docs  not  appear  to  descend  beyond  the  jejunum.  The  trans- 
mutation and  realraorption  of  biliary  matter  commences  in  the  small  in- 
testine and  proceeds  continuously,  so  that  by  the  time  the  middle  of  that 
portion  of  the  tube  is  reached,  half  the  bile  is  gone. 

Since  the  intestinal  absorbents  can  only  take  np  a  definite  proportion 
of  fat,  it  might  be  expected,  as  is  really  the  case,  that  after  an  unusnalfy 
fatty  diet,  fat  substances  will  be  found  in  the  excrement.  Indeed,  a  oei^ 
tain  small  proportion  always  so  occurs. 

Of  the  salt  substances  usually  occurring  in  the  food,  most  disappear 
Saiu  of  the  in-  during  their  passage  through  the  intestine,  and  hence  but  lit- 
teatine.  tie  IS  foimd  in  the  fteccs ;  more  particularly  is  this  the  case 

with  those  of  a  very  soluble  kind.  Of  the  sulphates  and  chlorides  of  the 
food,  not  even  a  trace  may  occur  in  the  excrement.  If  these  substances 
should  not  be  required  for  the  uses  of  the  system,  they  are  promptly  re- 
moved by  the  kidneys,  and  in  the  same  manner  are  disposed  of  any  ab- 
normal salt  substances  which  may  have  been  purposely  administered,  as, 
for  instance,  iodide  of  potassium. 

The  gaseous  contents  of  the  intestine  originate  in  part  from  the  air 
Gages  of  the  that  lias  been  introduced  during  the  mastication  of  the  food,  in 
intcatino.  p^rt  from  fermentative  processes  occurring  after  certain  articles 
liavc  been  used  which  are  only  imperfectly  digested,  and  in  part  from  the 
endosmosis  of  gas  irom  the  blood  through  the  walb  of  the  intestinal  cap- 
illaries. As  compared  with  atmospheric  air,  though  the  composition 
must  necessarily  be  very  various,  the  intestinal  gas  shows  a  great  excess 
of  carbonic  acid  and  nitrogen,  a  diminution  and  sometimes  even  a  total 
absence  of  oxygen,  the  presence  of  pure  hydrogen,  and  of  its  carburets 
and  sulphurets.  The  quantity  of  this  latter  gas  is  less  tlian  might  be 
expected  from  its  odor,  and,  as  would  be  anticipated  from  the  circum- 
stances, the  accumulation  of  gas  is  much  more  abundant  in  the  large  than 
in  the  small  intestine. 
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BcbmMt  shows  that  the  intemieiliste  circnUtion  of  water  towartl  the 
inlCBtine  is  fnr  more  considerable  tliaii  it»  fnuii  e.xrrction,  and  Watarfunitah- 
■OHmnts  in  one  day  to  nearly  one  fuurtii  ul'  liw  wholu  quan-  ^^^ '  ''"'*' 
titj  of  water  in  the  body. 

Ati  the  di^n^ted  mass  passes  onward,  driven,  hy  the  {leristaltic  motionn' 
,throi^  till*  convolations  of  the  tnt63ttne,  it  1)oconics  of  a  c«mpiexviiai>- 
»oKd  coniisteocy,  as  the  ubsorbcnts  gradnally  remove  ^^a^*^^ 
h»  liqaid  portions.  Uy  tlie  time  it  has  reached  the  cwcwm,  wnw. 
ibe  Bonie  eRcct  whicJi  aroM;  in  the  stoinoch  from  salivary  diction  is 
repeated,  for  (be  tnvcs  of  anahsorbed  lactic  acid  aiiiKe  nutritive  dige^ 
lioD  to  be  again  fe<;biy  resumed,  at  all  erenta  in  hcrbiTorous  animult),  if 
not  in  mnn,  whose  caMnim  is  nidimentary,  under  the  form  of  the  a)i{icii- 
£x  vennifonnis.  From  Peyer's  j^landa  a  secretion  has  exuded,  whicli 
perttape  gives  tn  Ihc  nioAs  tlm  ehanu^teriMic  o<)or  it  in  now  nasumin*!.  if, 
indivd.  these  organs  arc  not  connected  with  absorption.  The  effete  ro- 
■niun^  are  finally  voided  as  fa-ccs,  which,  due  allowance  lieiiig  m-idc  for 
l)ie  water  they  contain,  ainouriting  to  about  76  per  cent,,  may  be  rc|»- 
jeaeuted  as  averaging  about  U  ounce  per  day.  These  excreti»ontitiou8 
lina,  colored  yellow  by  the  coloring  material  of  the  bile,  are  partly  de- 
rived from  tlie  residues  of  tlie  food  which  have  been  unacted  upon,  and 
partly  &oni  the  decay  of  the  ttystcm  itself.  The  micro6co|)c  shows  the 
retBaina  of  cell  membmnca,  and  the  walU  of  vegetable  vns-  FonMiton 
cular  tiasnest  starch  granulea,  and  chloropliyU,  the  relics  of  ear-  <"«*fc 
tiU^inona  and  tibrous  tijisuea,  shreds  of  muscular  tibrc,  l*at-cclla.  From 
tbe  digestive  tract  thejt;  Imvc  l>cen  derivc<l  mucus  c«.ir]msch>3,  cpitheliiil 
celU,  and  the  coloring  matter  of  the  bile.  Perhaps,  too,  much  of  the  wa- 
ter wbicb  gives  consistency  to  the  fa-ces  has  been  derived  from  (he  intes- 
tinal iralla,  for  in  qiiantily,  under  certain  circumslanceji.  it  may  oxcceit 
iltc  amount  lliat  has  been  used  ns  drink. 

In  ita  passage  thnnigfa  the  intestine,  that  portion  of  the  bile  which  has 
been  afisorlied  undergoes  oonsidernblo  changes,  its  eonjn-  UtuppMnBii' 
■dda  degenerating  into  dyalyain,  which  may  Ue  rocog-  =*'*'»  We- 
"nbiMl  in  the  (a-cnt,  n.q  in  nUo  the  case  with  the  mollified  pigmentary  maf- 
n ;  the  aolnlile  mineral  constituents  arCi  for  the  most  [>art,  absorbed. 
Tfae  te«lucing  i^nciea  m  the  intestine,  and  Iho  manner  in  whioh  sub- 
can  fmd  their  way  into  the  urinary  secretion,  is  well  IiKi4«it«li«- 
iteil  by  llie  administration  of  indigo,  which  nndergocs  i,"u^*yJl^ 
licm  into  the  condition  of  suboxide  of  isutine,  and  will,  i". 
■otwithstaiidiug  the  agency  of  arterial  blotKl,  apjiear  in  that  condition  in 
Ibe  arine,  to  which,  n[X)n  contact  of  the  air,  it  imparls  a  blue  lint,  Ijifcom- 
B^  moiv  intense  under  a  prolonged  exposurei  and  eventnally  imligo-blur 
ig  drponitrd.     Such  a  result  not  only  shows  how  energetic  arc  the  re- 
icing  agencica  in  the  iutcstine,  but  also  with  what  &cility  very  oxidix-' 


84  ABSORPTION. 

able  material  may,  under  certain  conditions,  be  exposed  to  arterial  blood 
without  oxidation.  Yet  that  this  want  of  action  is  wholly  due  to  inci- 
dental circumstances  is  shown  from  the  fact  that  salts  of  organic  acide 
are  much  more  quickly  oxidized  in  the  blood  than  they  are  in  the  open 
air. 

It  is  interesting  thus  to  observe  how  the  death  of  one  part  of  the  body 
AdvMitaiie  ™inister8  to  the  life  of  the  rest;  for  the  nitrogenized  and  act- 
uken  of  the  ive  principles  of  the  juices  secreted  for  the  accomplishment  of 
porrtBntoor-  digestion  are  on  the  descending  career,  and  are  truly  dying 
giniso  an.  matter.  The  incipient  stage  of  decay  through  which  they  are 
passing  reacts  on  the  food,  and  prepares  it  in  a  temporary 
manner  to  replace  those  parts  of  the  body  which  are  ceaaing  from  activ- 
ity, and  about  to  be  removed. 


CHAPTER  V. 

OF   ABSORPTION. 


Danblr  iffehaniam ^/br  Abtorplion. — Tie  Laiienlt  and  FntM, — Ladeal  AbforptioM. — Daer^ 
timi  nf  n  I  'i/lux. — A  na/offif*  in  I'lant*.  —  latrodurtioit  (^  Fat  Ay  iht  1 7flt.  —  Tie  CXyJe.  — 
CttuMx  o/thr  Fhie  of  Oiif/f. — Jiitrriaeduite  (Jinagt*  on  its  I^unage  lo  the  Blood. — Action  of 
yVyer'*  liodifs.  —  Lymphatic  Abmqtlion.  —  Nature  of  Lgmjth.  —  SlrvetMrt  of  the  IjfmpAatir 
Sgilem.  —  OampariMm  of  Cfiyk,  Lym/ih,  and  Sfnm. — Funrtioa  of  the  Lf/m/ihatic  Sfttem. — 
I^rodattion  of  FibriM. — Cataneoun  Abtorjttion. — Caturs  of  the  Fhm  of  Lymph. — Ajipartnt  te- 
lectinit  ;i"irfr  of  the  Abnorbenl*. — Connectiw  of  the  Lartealu  and  f^ymphaticM  tcith  the  Locomo- 
tive and  Ktaitiratory  Mtchanimn. 

The  food,  after  digestion,  though  in  the  alimentary  tract,  is  exterior  to 
DouIjK-  mech-  *''^  animal  system.  Means  have  therefore  to  be  resorted  to 
ani^iii)  for  ai>-  for  its  introduction  into  the  circulation,  and  its  distribution 
wrpiion.  ^^  every  part.     This  is  accomplished  by  a  double  mechanism, 

one  portion  of  which  is  adapted  to  tlie  digestion  which  has  been  going  on 
in  the  stouiacli,  the  other  to  that  wliich  is  completed  in  the  intestine. 
The  veins  which  are  profusely  spread  on  the  walls  of  the  digestive  cav- 
ity constitute  the  former  apparatus,  the  lacteal  vessels  the  latter. 

The  lacteal  vessels  may  be  dcscril>ed  as  delicate  tubes,  conve3ring  ma- 
Deicription  of  terials  absorbed  from  the  intestine  into  the  blood.  Their 
■  villus.  mode  of  origin  may  be  nnderatood  by  considering  them  as 

projecting  with  a  fine  but  blunt  end  ui>on  tlie  inner  coat  of  the  intestine. 
This  projection  is  covered  over  with  smooth  muscle  cells  and  a  plexus  of 
blood-vessels,  a  continuation,  as  it  were,  of  those  of  the  mucous  coat  of 
the  intestine  itself;  they  are  held  together  by  connective  tissue,  and  over 
that  is  cast  a  covering  of  cylindric  epithelium.     This  construction  con- 
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fttrtotes  wh«l  is  called  s  villus,  liu-  shape  ol'  wliich  is  conical,  or  ptTlinpa 
cylindrical.  The  riUu»  may  llien  be  regarded  as  a  prooess  of  mucotu 
nerabnuic. 

/^iff.  23  is  a  flection  of -the  irall  of  the  iX 
a  beJng  the  villi ;  f>,  glands  of  Lie-  g,^^^  ^' 
berkuhn ;  r,  muscxJar  layer  of  niii-  tbo  intcMiiui 
C0U8  membmne ;  rf,  follicles  of  a  Vey-  "  ' 
er''t<>  patch ;  e,  remainder  of  submaootu  tissue  be- 
neath tliem :  J',  circular  muades ;  ff  A,  longita- 
dinal  luuBC-left.     (KoUikcr.) 

/«7.  24  rcpn'SPiita  the  distribution  of  blood- 
vc534!ls  to  thi)  villi  of  the  intestine  of  the  mon- 
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k^j.    The  6gure  was  drawn  by  the  camera  lucidii,  a  a  being  the  arteries, 
t  6  Ibe  veins. 

The  form  of  the  villi  dlffiers  in  different  regions  of  the  intestine.  Xu 
(Im  dnotlenura  they  are  less  elevated,  laminated,  and  broad-  „  ,  ,.., 
er,  /"tff.  zo.     In  iltc  jejunom,  mozc  projecting  or  cylindroid. 
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•r  Mill  riii:«  uG  Oik  rtUI  of  Uu  DteMbMUn  of  Uuui i-mtIi  su  lie 

.  SflL    In  all  caacs.  however,  they  ore  Abundantly  sapplied  with  blood- 
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vessels.  Their  epithelial  covering  of  cylindroid  cbUb  is  shown  in  the 
sectional  diagram,  ^iff.  27,  a  o  ;  at  6  d  is  the  ori^n  <^  the  lacteal  aiia- 
ing  obscurely.  Fig.  er. 

So  amply  are  the  villi  supplied 
with  blood-vessels,  that  if,  after  in- 
V«rioiia  opin-  jection  with  coloring 
ir/e^itS'  'nat^rial,  their  cylin- 
ceiu.  dric  epithelium  be  re- 

moved, they  seem  to  be  tinged  all 
over.     Each  cell  of  the  epithelium 
appears  to  be  filled  with  granular 
matter,  and  to  have  a  well-marked 
nucleus.      Some  anatomists  assert     <^'<»'  '^i"  •"  i«jUmi,  »itii  cyiiniroia  epitbeUnm. 
that  tliat  end  of  these  cells  nearest  tlic  cavit}'  of  the  intestine  is  in  reality 
o\ien,  and  in  tiiis  manner  tliey  account  for  tlie  ready  passage  of  oil  glob- 
ules into  them,  and  also  for  the  apjxsarance  of  solid  foreign  bodies,  as  0»- 
terlein  observed. 

Though  we  have  described  tlie  lacteal  as  a  vessel  projecting  into  the 
Or^nn  or  the  interior  of  the  intestine,  it  is  by  some  viewed  rather  as  a  mere 
luteal.  excavation  in  the  villus.     The  villi  impart  to  the  mucous  mem- 

brane an  aspect  sometimes  likened  to  the  pile  of  velvet.  On  an  average, 
their  number  u(>on  a  s(|uarc  inch  is  about  10,000.  The  entire  number 
of  these  organisms  must,  therefore,  amount  to  many  millions.  At  one 
time  it  was  supposed  that  tlic  lactcals  open  directly  into  the  intestine— an 
opinion  which  is  now  universally  abandoned.  The  action  of  each  villus  is 
doubtless  more  complicated  tlian  is  generally  represented,  for  the  organic 
fibre  cells  it  contains  give  to  it  tlie  power  of  executing  rhythmic  motions. 

M'hen  the  o])eration  of  the  lacteal  vessels  as  absorbents  was  first  de- 
TheUctt^kia  tected,  it  was  believed  tluit  all  nutriment  is  introdnced  by 
"wVoremnfrf  *^^''  meaus.  But  there  arc  many  animals  wholly  destitute 
aUorption.  of  this  system  of  tubes,  for  instance,  the  invotebrates.  Even 
in  many  fishes  tlie  villi  are  absent.  In  ^uch  cases  absorption  must  nec- 
essarily be  conducted  by  the  veins.  MoreovCT,  though  there  are  no  lac- 
teals  on  the  walls  of  the  stomach,  nor,  indeed,  on  tliat  part  of  the  intes- 
tinal tube  which  is  higher  than  the  place  of  introduction  of  the  biliary 
and  pancreatic  ducts,  tliere  are  many  substances  &eely  absorbed  trom  the 
gastric  cavity  when  its  pyloric  orifice  is  tied.  It  has  already  been  men- 
tioned that  the  stomach  absorbs  water  with  remarkable  rapidity.  The 
doctrine  that  the  lacteals  are  the  exclusive  organs  of  absorption  must, 
therefore,  be  abandoned,  for  it  is  plain  that  the  venous  system  participates 
in  this  duty. 

The  function  of  absorption  has  therefore  to  be  examined  from  two 
points  of  view.    As  there  are  two  digestions,  one  producing  a  pei^t  so- 
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IntioD,  and  the  othpT  an  rmulsionod,  liiit  not  diHsolvc^  Rtatc  Comiiiion*  of 
of  the  food.  90  tlicrc  ore  two  absorbent  systoms,  the  lacteals  J^'^^^Ji. 
uid  the  veioa.     Tbe  lactcols  ititiYxIuce  sucb  substances  as  are  Uon. 
not  iibsoUitcty  disdoWed,  particularly  the  oils  uiitl  fat».     The  vciris  ap* 
year  lo  take  up  tlioM!  substancco  only  whicli  arc  conipk'tely  ili-tsolvud  in 
«nler. 

Afl  in  many  otiier  cases  ia  physiology,  so  in  this,  a  correct  ii)ter{)reta- 
rtioa  of  thu  fuiictioiiti  of  the  animal  iiiocluiiiiAni  mav  bo  oli-  ..  ,  . 
by  examining  tlic  oorrcsiiondiiig  winicturea  and  func-  pum*.  Uieir 
in  plants.  In  the  more  perfect  of  these,  the  absorption  ■*^^'''"«  *^- 
watery  material  tVom  the  ground,  constituting  the  awenditig  sap,  ia 
lugbt  about  by  tlie  ^ncy  of  coUectioiid  of  soft  cells,  which  are  placed 
ftt  tbo  ccrticniity  of  each  rootlet.  They  are  designated  spongiolcs.  By 
cir  action  the  lluid  is  forced  up  tluxtugh  the  tubes  of  (he  sap-wood  into 
Loaves,  and  there  c.\poHcd  lu  the  conjoint  agency  of  the  sun  and  air. 
A  tAuuogo  ta  ihua  accumjilLshcd,  and,  trom  being  crude,  it  turns  into  clab- 
eap,  and  now  descends  through  the  bark,  to  1«  distributed  to  every 
of  the  plant.  Its  ascent  is  caused  by  tlie  cells  of  the  ajjongiolcs,  its 
il  by  the  chemical  changes  occurring  among  the  cells  which  arc 
-fimnd  in  the  stnicturc  of  the  leaves. 

These  cells — both  of  the  rooU  and  of  the  leaves — are  far  from  contiii- 

their  action  for  an  unlimited  period  of  time.     At  the  most,  tbcir 

tcnoe  is  trajisicnt.     Those  of  the  roots  ore  gradually  lost  by  decay, 

reooverted  into  solid  structure,  as  the  elongation  of  the  organs  through 

ground  goes  on.     Those  of  tin-.  IcAvca  arc  Cfpially  transitory.     At 

lie  intervals,  both  in  dividuous  and  evergreen  plants,  the  fall  of  the 

occun — A  new  organism  succeeding  in  another  summer  to  make  up 

Ihe  one  nbich  has  passed  away. 

*Wli»t«vcr  nutrient  material  is  taken  from  the  soil  in  the  case  of  plants 

inCrodnced  by  the  aid  of  a  cellular  structure,  and  the  cells  die  after  ac- 

ifaing  their  duty. 
It  was  once  a  Miying  among  physiologists  that  the  lacteals  are  the 

of  animals,  and  in  this  there  is,  in  reality,  a  great  dud  Anaiuey  be> 
tiullu  for  between  tlie  rootlet  of  a  plant  and  the  lacteal  of  I^^J'JiJ^t 
animal  there  is  a  oonspicuona  relation,  nut  only  in  stnic-  nn**- 

liot  also  in  fiinction.     As  is  seen  in  J^ig,  27,  upon  each  villus  of 
intestinal  tube  tlwrc  i»  a  layer  of  cyluidric  cells,  tuidcrneath  which  the 
ve^gfl  takes  its  rise,  for  it  does  not  open  by  a  free  orifice  on  the 
itaiin  of  the  intestine,  but  its  flaxk-sluiped.  loop-like,  or  convolutnl  or- 
i«t  obticurely  seen  in  the  midst  of  the  cells.      The  aH|>rH!t  which  the 
vilii  pment,  from  its  doulHful  nature,  has  led  to  the  erroneous  ooncluaion 
It*  as  soon  as  active  digestion  giit^  forward,  cells  rapidlr  dtrveJop  wiUi- 
tlie  epithelium,  and  continue  to  do  so  as  long  as  tlic  intestine  contains 
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digested  matter ;  that  they  become  turgid  with  chyle,  and  hare  a  diame- 
ter of  about  the  -^^^  of  an  inch ;  that,  as  they  select  materialf  they 
throw  it  into  the  lacteal  tube,  either  by  borsting  or  deliqaescing,  and  at 
the  same  time  set  free  broods  of  germs  from  which  new  cells  are  developed. 
So  far,  therefore,  as  their  duration  is  concerned,  if  this  be  thdr  tme  histo- 
ry, they  are  even  more  transitory  than  the  corresponding  cells  of  plants. 

That  the  lacteals  are  connected  with  respiratory  digestion  seenui  to  be 
Fat  u  intro-  plainly  indicated  by  the  circnmstances  <^  the^  occaTrenoe. 
fi^Mi^nto"  None  of  them  are  found  upon  the  stomach,  nor  even  on  that 
the  blood.  part  of  the  duodenum  which  is  above  the  entrance  of  the  he- 
patic uid  pancreatic  ducts,  but  below  that  point  they  are  scattered  in  pro- 
fusion all  over  the  small  intestine.  The  digestion  of  &tty  bodies  not 
taking  place  until  the  food  has  gained  the  duodenum,  vessels  far  the  aV 
sorption  of  the  emulsions  to  which  that  digestion  gives  rise  are  not  re- 
quired until  after  that  point  is  passed.  Correctly  speaking,  however, 
the  lacteals  are  only  lymphatics  which  are  taking  up  oil  presented  to 
them.  In  view  of  the  use  which  the  oils  subserve  in  the  animal  economy, 
the  lacteals  are  in  reality  an  appendix  to  the  respiratory  system.  There 
can  be  no  doubt  tliat  through  their  channel  oils  and  fats,  under  the  form  of 
emulsions,  are  transmitted  to  the  blood.  The  analysis  of  the  chyle  shows 
that  it  is  always  rich  in  fat,  and,  indeed,  it  is  supposed  by  some  physi- 
ologists that  the  objects  just  described  as  cells,  surrounding  the  origin  ci 
the  lacteals,  are  nothing  more  than  oil  or  fat  globules  accumulated  there 
and  waiting  to  be  taken  up,  or  that  the  disappearance  and  exuviation  of 
the  so-called  cells  is  an  optical  deception,  due  to  their  walls  becoming 
permeated  with  oil. 

The  manner  in  which  oil  globules  collect  round  the  villus  I  hare  r^ 
marked  as  being  very  strikingly  displayed  J"*,  m. 

in  the  case  of  the  gray  squirrel  after  feed- 
ing on  fatty  nuts.  As  shown  in  J^iff.  28, 
the  whole  structure  looks  as  if  it  were  dis- 
tended with  oil  globules,  a  a,  in  the  midst 
of  which  the  origin  of  the  lacteal,  bbb^  may 
be  doubtfully  and  dimly  discerned. 

Although  it  can  not  be  admitted  that  the 
EToiation  and  production  and  deliquescence 
Slir?tho""  of  the  cells  of  villi  is  a  demon- 
TjUi.  strated  fact,  and  that  on  this  the  action  of  the  lacteals  as  ab- 

sorbent vessels  for  the  most  part  depends,  the  rapid  evolution  and  disap- 
pearance of  these  cells  is  by  no  means  a  physiological  impossibility.  Bot- 
anists assert  that,  in  a  single  night,  the  Bovista  giganteum,  a  pufT-ball, 
can  develop  from  a  mere  point  to  such  a  size  that  it  must  contain  fifty 
thousand  millions  of  colls — a  number  that  seems  almost  incredible.     The 
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dovelopment  of  cpUb  in  tho  villi  of  thn  intestinal  tube,  in  conntless 
crowd*,  may  therefore  be  within  the  bonnds  of  possibility. 

If  this  be  the  case,  the  cells  irhicb  thug  come  rapidly  into  existence 
in  tho  villi  Appropriate  thoMs  articlca  of  respiratory  food  which  are  of 
impeHevt  eolubilily  in  water.  To  this  class  the  oila  belong.  Each  cell 
dieiL,  as  it  dies,  j'lclds  np  itB  contents  to  the  lacteal  tube.  In  the  white 
flaid.  the  chylp,  which  How&  along  those  tubes,  are  matiy  pale  or  color- 
oorpascles  fontinnally  coming  into  existence.  These  seem  to  im- 
a  change  upon  the  chyle,  and,  to  give  a  full  opportunity  for  such 
action,  that  fluid  is  compelled  to  flow  gradually  through  long  and  sinuons 
i<duuuwU,  for  the  glanda  in  the  mesentery  may  be  regarded  as  convoluted 
igs,  or  rather  plexxises  of  lubes,  to  which  that  particular  form  is 
given  fur  the  sake  of  dosenciis  of  package.  From  tho  enveloping  cap- 
of  libroug  tissue  of  the  glands  thin  sheets  are  projected,  i^t^^.,,^  yf 
so  intcmctted  as  to  divide  the  whole  gland  into  many  Uia  ncMnterie 
These  are  flUed  with  a  pulpy  mntcrial  supplied  ^ 
rith  delicate  blood-vessels.  The  chyle  either  oozing  through  this  ma- 
eventnally  escapes  Irom  the  gland  by  iho  cflereut  vessels,  or  makes 
Ute  passage  in  Its  own  thin  tube.  Tn  reptiles,  in  which  there  are  no 
glands,  the  lacteals  are  extended  to  a  very  great  lengtlt. 
Thi  manner  in  which  the  chyle  {klsscs  through  the  mesenteric  ^nds 
ia  therefore  explained  difTcncnlly,  according  to  the  view  u^„atBttioa 
rhich  is  taken  of  the  stracturc  of  those  organs.  If  they  ofu»mi»enu^ 
ooDflidercd  aa  mere  dilatations  of  the  lacteal  vessel,  from  '"^K  "' ' 
sides  of  which  partition  procesDca  an  sent  off,  the  interspaces  being 
with  granular  material,  through  which  delicate  blood-vessels  pa.^s, 
cbyle  is  to  be  considered  as  oozing  tlirough  this  granular  structure, 
and  crossing  directly  in  contact  with  it.  But  if  we  accept  the  doctrine 
lliat  the  cliyle  is  conducted  tlirough  the  gland  in  a  plexus  arising  from 
tlw  incoming  lacteal,  tho  granular  materinl  being  outside,  then  the  intlu- 
eaee  of  that  material,  in  whatever  it  may  consist,  takes  clfect  through 
the  delicate  walls  of  the  plexns.  I'hc  like  Tcmarku  apply  to  tho  lym- 
l^ttatic  glanda.  Physically,  however,  the  condition  in  both  cases  ia  the 
Mune :  the  incoming  liquid  is  simultaneously  exposed  in  the  gland  to 
the  iofluencQ  of  the  granular  pulp  and  to  arterial  blood. 

The  cliyle,  dellvcretl  into  the  lacteal  tube,  is  propelled  by  tho  conjoint 
actitm  of  several  different  forcpj*.  The  coNtJtant  accumulation  r,,_,  ^  ,^_ 
of  liquid  at  the  origin  of  the  vessel  produces  a  pressure  which  (tew  of  Om 
out  only  be  relieved  by  motion  through  the  tube,  and  at  the  ^  ' 
miMtfi,  where  the  lacteal  empties  into  a  vein,  as  sooner  or  later  alt  do, 
iiUwr  directly  or  through  the  intervention  of  the  thoraac  duct,  a  suction 
fcfty  t.-d  on  the  contents  of  the  lacteal  bv  the  passing  current  of 

lbs  1 '  t-lood,  upon  the  well-known  hydraulic  principle  of  Ventiui, 


90 


HOnON  OP  THE  CHTLB. 


AVft, 


that  if  into  a  tube,  a  6,  /t^.  2S,  thron^li  which  a  current  of  water  ia  Bteac 
yts- »  'ly  Howing,  another  tnbe,  c  d,  opens,  its 

mote  distant  cud  being  in  comraunication 
witli  a  reaen'oir  of  Malcr,  e,  through  this 
tube  a  cuiTcat  will  likewise  be  cetabliDli- 
od*  and  the  rcsen'oir  be  emptied  of  ila 
contents.  The  cffuet  is  m\]  greater,  aa 
Iternouilti  dcmoiisliatctl^  whai  the  main 
cuitent  is  flowing  toward  tlic  wide  end 
of  a  conical  pipe.  Slorro%-cT,  the  lacteal 
tabes  are  elastic,  and  furnifthnd  with  x-alves, 
which  open  to  let  the  duid  pass  toward 
the  veins,  but  cIo»e  in  the  opposite  way. 
Frindpu of  VantRri.  Thisvalvular  uiccbatiism  renders  available 

any  pressure  arising  cither  from  the  contractihly  oi'  the  viwsels  them- 
MwfcMittfH  fcr  selves,  or  from  iboM  various  muscular  movements,  resfdn- 
inHtvrtiv      j^ry  or  vohintarr,  which  affect  the  abdominal  walls.     The 

r^jl*  hum  Iho  •'  ;/        .  .  ■         , 

vIUm  iu  Iho  manner  of  introauclion  of  the  great  lactcul  inink — tlie  uu>- 
i.liNMi-*if**^.  ^^^  (|^(^ — jj(  ijj^  angle  of  junction  of  the  loft  subclavian  and 
jugular  veins,  is  also  very  felicitous,  for  the  suc- 
tion force  of  thow  large  vessels  is  there  conjoin- 
ed, and  the  effect  is  at  a  muximum.  The  con- 
trol of  the  blood  motion  on  the  chyle  motion  is 
obvious  from  this,  that  as  soon  as  the  circula* 
tion  stops  the  chyle  stops,  and  this  not  so  much 
from  the  cngoi^mcnt  of  the  venous  tmnlcs, 
wluch  renders  it  ditticult  for  the  chyle  to  make 
its  way  into  tlicin,  as  from  the  cessation  of  that 
tractile  force,  which  solicits  the  chyle  to  move 
into  the  blood. 

I^ff.  80  represents  the  position  and  course  of 
the  thoracic  duct,  and  its  irmnncr  of  introduction 
of  the  chyle  into  the  blood  circulation.  (Wil- 
son.) 

1,  Arch  of  aorta ;  2,  thoracic  aorta :  3,  abdom- 
inal aorta ;  4,  arteria  imiominata,  di\-iding  into 
right  carotid  and  right  subclavian  arteries ;  5, 
Icfl  carotid;  Cleft  subclavian;  7,  superior  cava, 
formed  by  the  junction  of,  tS,  the  two  vena'  in- 
noroinatas  and  tliese  by  the  junction,  9,  of  the  in- 
ternal jugular  and  subclavian  on  each  side ;  10, 
the  greater  vena  azygoa ;  11,  the  termination  of 
tho  lesser  in  the  greater  vena  az}'gos ;   IS,  rece|H 
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taculum  cfayli,  several  lympliuiJc:  trunks  o|wning  into  it ;  13,  the  llioracic 
duet,  ilividiiig  opposite  the  middle  of  the  dorsal  vertebra-  into  two  hrancli- 
e*.  which  soon  reunite;  the  course  of  the  duct  behind  the  arch  of  the 
aorts  and  left  subclavian  artery  ia  shown  by  a  dotted  line ;  14,  the  duct, 
making  it^  turn  at  the  root  of  the  neck,  and  receiving  several  lymphnlic 
trunks  previously  to  terminating  in  the  posterior  aspect  of  the  junction 
■^f  the  intrrual  jugular  and  subclavian  vein;  15,  the  tenuiniition  of  the 
Imnk  of  tlie  ductus  lymphaticttfl  dcxlcr. 

As  to  the  manner  in  which  digested  fat  tinds  its  way  into  the  lactcals, 
it  BMina  to  be  as  follows:  In  tho  interior  of  the  epithelial  „  ... 

ocUb  otI-4rops  are  detected,  while  on  the  outer  port  the  sur-  introdncthKiur 
free  pesenls  a  pearly  aspect,  from  other  portions  of  oi!  wail-  "*' 
iog  10  enter.  By  degrees,  all  the  celts  upon  the  exterior  of  the  villus  ex- 
hibit tlie  aame  appearance,  the  {Kirlicka  i^raduuUy  tiiiding  their  way 
through  the  parenchyma  of  the  villus,  aiul  su  entering  tho  lacteal  tube. 
If,  with  some  anatomists,  we  regard  the  lacteal  at  its  origin  as  not  being 
a  Due  vessel,  but  only  an  excavation  in  that  parenchyma,  much  of  the 
obacurity  which  surronridK  the  explanation  of  the  manner  of  tho  entry 
of  oleaginous  material  into  the  lacteal  iri  removed.  If,  moreover,  with 
iitltcr  anatomists,  wc  represent  the  intestinal  end  of  the  cylindric  cells  to 
be  wanting,  and  the  cells  ihemsclvcd  to  be  truly  cup-shaped  forms,  611ed 
with  a  peculiar  secretion,  through  wliidi  fat  particles  and  even  solid  sat>> 
ices  may  pierce  their  way,  this  likewise  would  remove  much  of  the 
ifBculty.  liut,  after  all,  even  if  the  general  opinion  of  the  structure  of 
A  villus  is  adopted,  that  tltc  lacteal  commences  with  n  blind  pouch  or 
Jtuit  tube  surrounded  by  a  network  of  blood-vcsscli^,  and  over  this  an 
[litheUnni  cast,  there  being  no  mouths,  or  pores,  or  apertures  of  discov- 
ible  aizc  leading  into  the  lacteal  through  its  own  wall  and  enveloping 
ztures,  wo  should  also  remember  the  extreme  minuteness  of  the  oily 
les  suspended  in  the  chyle,  and  still  more  particularly  that  even 
iliis  size,  email  as  it  is,  is  deceptive  ;  for,  in  passing  tlirough  interstices 
too  minute  to  be  seen  even  by  optical  aid,  the  oil  particles  may  be  press- 
1  oat  into  long,  tlircad-like  forms,  which,  as  soon  as  they  escape  into  the 
cavity  of  ttie  lacteal,  assume  the  spheroidal  appearance  by  reason  of 
their  own  cobcsion,  just  as  a  blood-cell  can  pass  through  a  vessel  of  a 
letcr  far  less  than  its  own  by  lengthening  itself  out  into  a  linear 
c,  and  rcajLtuming  its  original  figure  as  soon  as  it  escapes  from  con- 
(inement  and  pressure.  Though,  therefore,  the  lactcals  commence  u|>on 
intcatinal  walls  »s  closed  tubes,  this,  in  reality,  offers  no  obstacle  to 
Bbvorbiug  power  wlien  iheir  mvLccular  poroifily  is  considered. 
Perhaps  this  tntiltration  or  intrusion  of  oily  material  is,  to  a  ccmsid- 
lUe  extent,  aided  by  the  presence  of  the  bile,  or,  rather,  its  oily  con- 
■It  is  capable  of  easy  demonstration  thai  oil  will  rise  much 
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higher  in  a  capillary  glaas  tabe,  the  inside  of  which  has  been  coated  over 
with  bile,  than  in  the  one  which  has  not  been  so  prepared. 

The  liquid  which  has  been  gathered  into  the  lacteals  firom  the  intes- 
tine pursues  its  course  to  the  reinSf  and  ultimately  enters  them.  The 
special  changes  which  are  impressed  on  it  diuing  this  passage  will  new 
be  explained. 

The  constitution  of  the  chyle  varies  with  the  physiological  conditions 
Comrtitntion  °^  '^®  System.  After  a  period  of  fasting  it  is  colorless,  and 
and  chugei  in  presents  the  general  aspect  of  lymph,  hereafter  to  be  de- 
^  ^  ^  scribed,  but  during  digestion  it  is  a  whitish  milky  fluid, 
whence  its  name.  This  mUkiness  depends  on  the  suspension  of  mitfute 
fat  or  oil  globules  in  it.  Their  diameter  is  commonly  stated  at  the 
BT^nr  °^  ^^  inch.  Of  course,  the  composition  of  the  chyle  varies  in  dif- 
ferent animals,  and  even  in  tho  same  animal  under  different  diets. 

Comporition  of  Chgb. 


1         llonv. 

Aw. 

l'«L 

Han. 

Water 

Fat 

Albumen 

Salts 

935.00 

IS.OO 

.75 

8r).00 

6.25 

e.oo 

902.37 
86.01 

3.70 
35.16 
15.65 

7.11 

905.70 

82.70 

1.80 

I      46.90 

11.40 

904.80 
9.20 

j^      70.80 

10.60 
4.40 

1000.00 

1000.00 

1000.00 

1000.00 

With  so  many  causes  of  variation,  such  a  table  as  the  preceding  is 
only  valuable  as  giving  a  general  idea  of  the  nature  of  tlie  chyle.  We 
learn  &om  it  that  the  predominating  solid  constituents  are  &t  and  albu- 
men. The  percentage  amount  of  the  tirat  of  tliese  in  the  sample  of  hu- 
man chyle  is  very  low,  a  fact  due  to  the  circumstance  that  the  subject 
from  which  it  was  obtained — an  executed  criminal — had  eaten  but  little 
for  some  time  before  his  death.  In  like  manner,  the  chyle  of  horses 
which  have  been  kept  witliout  food  has  been  observed  to  exhibit  a  dim- 
inution of  its  &t  to  such  an  extent  as  to  be  leas  than  one  tenth  of  the 
normal  amount  It  is  to  be  remarked  tlmt  the  saline  ingredients  of  the 
chyle  closely  represent  those  of  the  blood,  both  in  constitution  and 
amount. 

Tlic  composition  of  the  chylo  varies  at  different  points  on  its  passage 
Constitution  of  to  the  veins,  there  being  a  gradual  diminution  of  the  albu- 
chyle  «t  van-    j^      ^^^^  ^^^  increase  of  the  fibrin.    After  the  passage  through 

oaa  points  of  iii  iii-i- 

itsconrse.  the  mesentcnc  glands  it  becomes  capable  of  coagulation, 
and  will  separate  into  a  serum  and  a  clot.  Examined  near  the  villi,  it 
may  be  regarded  as  an  albuminous  liquid,  in  which  are  suspended  glob- 
ules of  fat  of  various  sizes,  down  to  the  degree  of  minuteness  just  speci- 
fied. The  nature  of  these  globules  is  determined  by  the  action  of  sul- 
phuric ether,  which  readily  dissolves  them.     After  passing  through  the 
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nwaenteric  glantU.  tlie  percent]^  amount  of  ulbumcii  declines,  tmd  the 
<kt  globules  diminish  in  nmnber.  Simultnneou^ly  tho  B)iecial  oells,  to 
which  the  name  of  chyle  corpuscles  is  givcti,  make  their  appeanuicc,  and 
the  liquid  is  now  capnbte  of  coagulating,  owing  to  the  production  of 
fibrin.  Thcfle  characters  become  more  strikingly  developed  as  the  chyle 
Adraoces  in  the  thomcic  ducL  The  chyle  corpuscles  urc  eventually  de- 
veloped into  red  blood-cells. 

It  should  be  Ijorne  in  mind,  in  all  discnssionsi  respecting  the  composi- 
tion of  cbylc  iu  different  parltf  of  its  course,  that  it  must  rw-  .  .  ft  ndbv 
ceive  transuded  m.itters  from  tlie  blood,  and  that  this  must  uviuuiUUmi 
moro  particularly  occur  on  its  passage  through  the  mcscn-  ^f""*"^'^"**!' 
taric  glands.  Owing  to  lliis,  it  is  quite  probaldc  that,  even  though  there 
should  bo  an  actual  consumption  of  iilbarnen  in  accomplishing  the  meta- 
novphoaes  which  arc  taking  place,  the  apparent  percentage  amount  of 
iJiat  ingredient  may  increase  by  tran^udiition  from  the  blood.  It  ap 
pear<  to  me  quite  probable  that  the  albutninous  material  in  ihc  lacteal,  at 
ils  vm*  origin  in  tho  villus,  has  been  derived  to  quite  as  great  an  extent 
try  tzmnsudation  from  the  plexus  of  blood-vessels  as  by  absorption  from 
the  digested  food. 

AN'haieTer  may  be  tlic  upccia]  manner  by  which  the  fatR  pass  from  the 
testinc  into  the  laetcals,  they  have  scarcely  gained  thuso  stpoQiKcaUuit 
before  they  undergo  a  change.     The  quantity  of  free  <'»fc«'"- 
&t  diminishcis  and  that  of  saponified  fat  increases ;  this  is  probably  a<.-- 
compUshcd  by  soda  obtained  from  the  blood. 

As  tc  the  fibrin,  it  can  acarccly  Ijc  nuppoaed  that  tho  imjterfcctly  co- 
agolable  variety  whirh  the  chyle  contaiii<i  sliould  have  been  BIObtoim  U- 
di«rirod  by  transudation  tlirough  the  vessels  of  the  strongly  ^J^"^^ 
oootractilQ  kind  contained  iti  the  blood ;  and,  in  view  of  all  •■iiyi'sfibrin. 
tiie  circumstances  of  the  case,  it  would  appear  tliat  the  explanation  we  ahall 

ofi'er  of  its  direct  origination  from  the 
chyle  albumen  by  oxidation  is  correct 
The  chyle  eor])naclea   arc  readily 
distinzuisliodfrvm  the  blood-  „ 
cells,  not  only  by  their  while  i^byiaMr. 
appearance,  but  abw  by  their  ^'^'^^^^'^ 
fonn.     They  are  spheroidal,  nw««iumi 
and  either  homogeneous  or     *"' 
granular.     Those  of  the  frog  arc  seen 
in  /7y.  31,  at  a  a.  H|>arsely  scattered 
among  the  elHptical  blood-ceUa.     The 
photograph  from  which  tlie  engraving  is 
taken  exhibits  nenrlv  the  averace  iiro- 
iUBMwn  portion  of  these  bodies  m  that  animal. 
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By  the  action  of  water,  the  nucleas  of  the  chyle-cell  becomes  more  dis- 
tinct, its  increased  granular  aspect  making  it  more  visible,  as  in  I^.  32. 


OiTle  MTpa>clei  «lth  water,  in*enlflnl 
BOO  dlaDietcra. 


t^byle  coipuiclei  with  ■retle  idd,  nag- 
niflpd  bUO  dlasietVK 


By  acetic  acid  the  nacleus  is  greatly  contracted,  as  in  I'lff.  33,  and  some- 
times even  escapes  from  the  cell. 

In  embryonic  life,  the  lirst  appearance  of  chyle  coipnscles  commonly 
coincides  with  a  change  in  the  arrangement  of  the  respiratory  median* 
ism,  as  the  closing  of  the  branchial  fissures,  indicating  a  connection  be- 
tween their  production  and  the  activity  of  interstitial  oxidation. 

It  has  been  previously  stated  that  the  bodies  known  as  Peyer's  glands 
Pever'i  bodies  are  to  be  regarded  as  belonging  to  the  absorbent  rather  than 
*he*iftrtc^'si-^  *^*^  digestive  apparatus.  In  structure  they  are  analogous  to 
tem.  the  lymphatic  and  lacteal  glands,  consisting  of  a  capsule 

containing  granular  material,  in  which  loops  of  capillary  blood-veasels 
are  laid.  From  these  proceed  many  lacteal  vessels,  as  may  be  veir 
plainly  observed  during  digestion.  Their  functions  would  therefore  seem 
to  be  tlie  submitting  of  the  chyle  to  tiie  simultaneous  influence  of  the 
blood  brought  by  the  arterial  capillaries,  and  the  pulpy  material  or  gran- 
ular plasma  they  contain.  They  are,  in  reality,  dilatations  of  tlie  absorb- 
ent vessels,  accomplishing  in  a  small  space  a  result  which  would  other- 
wise demand  a  very  long  lacteal  tube,  and  probably  not  impressing  any 
other  cliange  on  the  chyle  than  that  which  would  have  occurred  in  sach 
a  tube,  if  of  sufficient  length. 

It  is  not  possible  clearly  to  understand  the  functions  of  the  lacteals 
Structure  and   ^'^*l^out  a  description  of  the  structure  and  functions  of  the 
function!  of  the  lymphatics,  for  these  vessels  conspire  in  their  action, 
ymphatics.  Anatomical,  chemical,  and   physiological   considerations 

lead  us  to  conclude  that  the  formation  of  the  LYMniATic  system  is 
closely  allied  to  that  of  the  lacteal.  The  two  classes  of  vessels  make 
their  appearance  together  in  fishes;  the  lymphatics  originate  in  a  net- 
work of  delicate  tubes,  but  are  disseminated  through  all  the  soft  tissues 
except  the  ncrvoas,  and  arc  tbund  especially  in  the  skin.     The  fine  ini- 
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tubes  gradually  coalesce,  pro<1ucing  those  that  are  of  a  lai^r  dtame- 
Jux,  and  tivRSO  paaa  ihrongli  gtatiilHf  which  luight  imlecd  be  regarded  af 
piexasci,  and  cvcntualty  empty  into  the  veins. 
A  lew  niinatca  after  it  has  been  drawn,  the  lymph  coagulates  into  u 
irlpsa  clot,  and  then  exhibits  contraction.  Compared  wiili  rrapfrti4«  irf 
in  like  ciicnmstanccs,  the  clot  of  lymph  is  small  in  re-  'j''"ph- 
lition  lo  the  serous  portion.  In  other  respects  there  is  a  general  rcsem- 
I'Unce  bcttwccn  lymph  and  blood  free  from  its  red  cells,  the  fibrin  and 
the  albumen  being  apparently  the  »ama  in  the  two  caaea.  The  saUne 
>natituenta  arc  not  only  the  same,  but  bear  the  same  ratio  to  one  an- 
(Iier  in  the  two  floids.  Their  absolute  jwrcentage  amount  ditfers,  be- 
(he  lymph  contains  a  larger  proportion  of  water  titan  the  blixid. 
The  lymph  arising,  as  we  Hhall  find,  by  transudation  frutn  the  capil-, 
mnst  ob\'iously  Aury  in  difTercnt  parts,  tliose  parts  taking  from 
blood  tbo  materials  they  require  for  their  nntrition,  and  yielding  to 
it  the  products  that  hare  arisen  during  their  waate.  \Miatever  in  thlx 
changes  the  composition  of  the  blood,  muat  also  occasion  a  change 
the  transuded  liquid.  Thu£  Schmidt  has  shown  that  protein  bodies 
transude  through  the  capillaries  of  tlie  pleura  most  copiously;  through 
of  the  jjeritoncum  not  to  half  tliat  amount ;  through  those  of  the 
and  those  of  the  subculatieous  areolar  tissue  to  a  less  and  less  ex- 
tent. Not  only  must  the  material  thus  oozing  &om  tlie  capillArics  vary  in 
liAvrcnl  regions,  because  of  variations  in  the  meclianical  constitution  of 
vessels,  but  it  must  also  change  oven  in  the  same  locality,  througli 
temporary  accidents*  such  as  changes  in  the  velocity  with  which  lite  blood 
is  flowing.  An  attempt  has  been  mudo  to  show  that  the  trnnsudalioii  will 
be  ricJicst  in  idbumcn  as  the  blood  current  in  the  capillaries  Is  slower. 

When  the  contents  of  the  lymphatic  vessels  are  snbmittcd  to  analysie. 
•ad  oonpared  witli  the  chyle,  a  striking  difference  i.i  appnr-  compodUmor 
eat.  The  chyle  contain.H,  as  hag  been  already  staled,  large  'j«pi»- 
but  variable  proportions  of  fat  or  oil  in  an  extremely  subdirided  state. 
from  which  the  Ij-niph  is  free.  The  leading  solid  constituent  of  the 
lymph  is  albumen,  and  this  indicates  the  use  of  the  system. 

C'otMfitmtiiM  of  Lymftk. 
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IU> 
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S.50 
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CM 

3.10 

looaoo 

lono.on 

The  funetional  connection  between  the  lacteals  and  lymph  vesaola  is 
TBfjr  well  illustrnted  by  the  following  analysis,  which  ex-  yuattRtbyU 
hiUta  the  composition  of  chyle  obtained  from  the  thoracic  '*ij"np*'- 
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duct  of  a  man  who  died  from  softening  of  the  brain,  and  who  took  noth- 
ing but  a  little  water  for  30  hours  preceding  his  death.     (L^Heritier.) 

Cbtn/MMtVion  o/^  ChgU  a/tfr  Fattrng, 

Water 924.86 

Fat  6.10 

Fibrin S.20 

jVlbumen 60.0S 

SaltB 7.8B 

1000.00 
The  constitution  of  the  chyle  so  nearly  approaches  that  <:/£  the  iTinpfa, 
CompKiaonof  '^*  ^^  ***  authorized  to  conclude  that,  during  ftsting,  the 
iTmph  and       lacteals  transmit  lymph,  and  the  conclusion  gives  force  to 
^  '  ^'  the  observation  already  made,  that  the  albumen  of  chyle  is 

derived  rather  from  the  blood  capillaries  than  from  the  digested  food. 
Compariwn  of       *^"  comparing  together  the  salts  of  the  serum  of  the  blood 
the  lymph  and  and  those  of  the  lymph  as  obtained  from  the  hotse,  they  ap- 
pear  to  coincide. 

Snllt  of  Sfmm  attd  TAfmpk. 


rtrnim. 

I^mph. 

4.05S 

I.ISO 

.311 

.115 

4.128 

1.1S5 

.238 

.ISO 

5.611 

fi.611 

From  the  indications  presented  in  these  tables,  there  can  be  no  doubt 
Offi  of  th  '^*  *^®  office  of  the  lymphatics  is  to  collect  the  albuminous 
irmphatic  sys-  matters  which  have  every  where  transuded  from  the  blood- 
""■  vessels,  or  been  set  free  by  changes  going  on  in  the  soft 

parts.  Such  matters,  tliough  they  may  be  regarded  aa  being  in  one 
iKnse  dead,  are  yet  as  applicable  for  the  further  support  of  tlie  mechan- 
ism as  are  the  albumenoid  bodies  introduced  as  food,  and  said  to  be 
taken  up  by  the  lacteals.  The  last  table  sbowa  that  the  lymph  is  really 
nothing  but  a  diluted  serum.  A  mechanism  is  therefore  resorted  to  to 
turn  this  collected  albumen  into  fibrin,  and  thus  arises  a  lymphatic  gland 
— a  contrivance  which  tends  greatly  to  compactness.  This  structure  is 
o  *  the  counterpart  of  the  mesenteric  or  lacteal  gland.     It  may  be 

lymijiiatic  described  as  originating  from  the  coalescence  of  two  or  three 
"  *"'  *■  lymph  vessels,  which,  casting  off  their  external  coat  as  they 
enter  the  gland,  anastomose  with  one  another  in  various  ways,  so  as  to 
form  plexuses  and  convolutions.  The  capsule  of  the  gland,  strengthen- 
ed by  the  coat  it  has  received  from  the  entering  vessels,  sends  forth  par- 
tition-like processes,  which  dip  down  into  the  grayish  pulpy  materiid 
iilling  the  intCTstices.  On  their  emergence  from  the  gland  the  vessels 
recover  from  it  their  external  coat,  and,  during  their  passage  through  it 
in  tiieir  naked  state,  blood-vessels  are  distributed  upon  them.     The  ob- 
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jtet  of  the  arrangement  seems  to  be  to  submit  tlie  liijuid  coittutncd  in 
ilie  lynipb  vessel  to  tlic  action  oi'  the  pulpy  umlcriul  ut'  Ibe  gland  and  ar- 
idul  blood  under  the  most  favorable  circumtttsncest  Ihc  tMnneBS  of  the 
wait  atid  thi*  convolved  plexiu  being  well  udnptcd  to  lliat  end. 

/''iff.  34  illuBtrates  the  lymphat- 
ics of  the  Urge  intestine,  ihc  ad- 
joining parts  being  cut  or  displaced 
to  display  them ;  a,  ff,  ascending 
and  transverse  colon  drawn  aside; 
6,  ^,  descending  colon  and  its  sig^ 
moid  flexure  drawn  asidr  ;  r-.  ccc- 
cnm ;  d,  stomach ;  e,  duodenum ; 
y,  jejunum  cut ;  ff.  A,  i.  lymphatics 
and  their  glands.  In  such  an  ar- 
rangement as  this,  the  lymph  is  far 
more  ]K'r1"ectly  exposed  to  Uie  in- 
Hucnces  to  which  it  luts  lo  bo  sab- 
tiiiitod  than  it  oouhl  possibly  bo  in 
straight  IuIjos.  In  reptiles,  how- 
ever, this  p«':kiij;L'  is  not  resorted 
to,  and  tlic  tubes,  being  spread  out, 
g;ive  the  false  apj)esrance  of  a  great- 
^dsvelopracnt  to  this  s>'stcm  than  in  ibe  biglier  tribes.  In  the  mam- 
■tvafiai  according  to  i*rotessor  Uoodsir,  wherever  the  lymph  tube  unlars 
Ibe  gland,  it  cluingcs  its  iiiteniHl  constitution,  losing  the  scale-like  cover- 
ing tiiBt  its  inner  coat  presentrd,  and  ottering  a  tmmtTous  Jcvelopment 
nf  miclcated  cells,  many  of  uliirh  atWutc  to  the  membrane  beneath,  bat 
many  6oai  away  and  drift  with  the  lymph  in  its  course.  There  is  a 
eaoatant  reproduction  of  these  organisms,  and  thry  s^m  to  bo  connected 
with  a  clutngc  in  tlie  albumenoid  constituent  of  the  lymph,  p,^„^,i^^f 
tcming  it  into  fibrin.  And  thus,  if  examination  is  made  of  nbriMiiilymiiti 
(he  lymph  before  it  enters  a  gland  and  .-iftcr  it  has  passed  «'""**■ 
throogfa,  in  the  former  instance  it  seems  to  difler  but  little  from  the  liquor 
•anguinis,  or  serous  portion  of  the  blood,  as  has  been  already  shown,  but 
io  the  latter  fibrin  b^na  to  abound. 

Pnifej'sor  (loodsir's  >-icw  is  represented  in  the  diagram,  /'^iff.  35,  show- 
^'^'•'^  '"!'=*  ing  the  scale-hke  ep- 

ithchol  cells  of  tho 
lympliatic  tube  chang- 
ing into  the  nucleated 
cells  of  tlie  gland. 

ttliljmiAti-Ul  BnlBUani>r<«IlilnlrinpbKbB^  J^iff.   'Mi    illufltmteS 

tUitt  gennation  of  bcoods  gf  oelis,  some  being  attached  and  souio  tree. 

G 
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Some  chemists,  adopting  the  views  of  Liebig  respectiiig  the  eesentul 
Fibrin  not  an  difference  between  blood  fibrin  and  muscle  filnrin,  look  upon 
efiete  body.  tj,g  fomicT  Bubstancc,  not  as  a  histogenetic,  but  as  an  eSate 
body,  a  conclusion  which,  of  course,  would  have  an  important  bearing 
upon  the  interpretation  of  the  function  of  the  glands  as  here  given,  as  like- 
wise upon  that  in  the  corresponding  case  of  the  chyle.  The  weight  of 
physiological  evidence  is,  however,  so  strongly  against  this  doctrine,  that 
we  are  constrained  to  retain  the  old  one,  and  therefore  to  n^;ard  the  pro- 
duction of  fibrin  as  one  of  the  important  duties  of  the  lymphatic  syatem. 

The  absorbent  vessels,  whether  lactcals  or  lymphatics,  have  therefine 
Its  mode  of  ^  common  duty  of  changing  albuminose  or  albumeai  into 
produciiun  aod  fibrin,  and  thereby  of  compensating  for  the  constant  waste  of 
.juintit) .  jj^^  substance  which  is  going  on  in  the  wear  and  tear  of 

the  muscular  system.  The  constitution  of  the  urine  proves  that  the 
amount  of  musailar  fibrin  destroyed  in  short  periods  of  time  is  vetj 
great.  We  can  not  estimate  the  hourly  consumptiou  at  leas  than  62 
grains.  Such  a  waste  must  demand  an  equivalent  compensation,  if 
the  animal  mechanism  is  to  be  kept  up  unimpaired,  and  every  caxe  is 
therefore  taken  to  omit  no  means  wliicb  may  incidentally  offer  for  bos- 
banding  the  necessary  materials.  The  action  of  the  lymphatics  illus- 
trates this  principle  significantly.  Passing  through  all  the  soft  solids 
where  exudation  of  albumen  from  the  blood-vessels  can  take  place,  they 
collect  the  materials  that  would  otherwise  go  to  waste,  and  add  thereto 
many  of  the  products  arising  from  the  disintegration  and  decay  of  the 
soft  parts  themselves.  Keceiving  all  these,  they  transmit  them  through 
their  windings  in  the  glands,  and  thus  submit  them  to  the  action  of  the 
innumerable  cells  which  arc  there  coming  into  existence.  As  in  the  egg 
of  a  bird,  in  which,  as  the  albumen  slowly  disappears,  the  muscular  ti»- 
sues  of  the  young  chicken  arise,  so  here  the  serous  portion  disappears, 
and  fibrin  comes  in  its  stead,  and  this  is  hurried  forward  to  the  torrent 
of  the  circulation,  and  thrown  into  tlic  blood-vessels,  to  be  by  them  dis- 
tributed to  all  parts  of  the  mechanism,  wherever  the  muscular  tissues  are 
in  want  of  repair. 

But,  besides  this  junction  of  the  elaboration  of  fibrin,  there  can  be  no 
Cutaneous  qucstiou  that  the  lymphatics  have  other  incidental  uses, 
lyraphatio  ab-  Many  facts  arc  known  which  prove  that  those  of  the  skin 
""^  *"■  exert  a  powerful  agency  in  absorbing  liquid  materiaL  Thus 
a  person  who  has  abstained  fi:x)m  water  will,  after  he  has  immersed  his 
body  in  a  bath,  not  only  find  his  weight  increased,  but  the  sensation  of 
thirst  abated.  Instances  of  the  kind  are  on  record  where  sailors,  in  open 
boats  without  fresh  wat^,  have  assuaged  the  torments  of  thirst  by  im- 
mersing their  bodies  in  the  sea.  Nay,  it  is  even  asserted  that  in  certain 
conditions  water  may  thus  be  obtained  from  the  atmospheric  air,  and  in 
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all  fucli  cases  vvcry  tiling  points  out  tliat  the  lymjihatic  v-csseU  are  the 
areiituis  tiirnngh  which  tito  liquid  is  intrutluccd. 

In  what  manner  does  the  lymph  move  i  In  reptiles  there  arc  found 
■fhjit  are  tamed  lyniphntic  hearts,  which  arc  merely  cUlaleJ  (.'•uwoftha 
portiona  of  a  ttilic  exhihiting  pulsiition.  Of  tlicjw,  in  the  i""*"/"!*- 
ftug,  two  pain  may  he  ilisoovered,  one  behind  the  hip-joint,  and  nittiatcd 
M  superticially  that  the  motions  can  be  piniiily  seen ;  the  other  is  at  the 
anterior  part  of  the  chwil.  The  pnl»«ting  niMVcinentft  of  thew  organs,  of 
oanrae,  impel  tlie  liquid  acted  on  in  thu  direction  determinetl  by  tlio  vahrea 
«hh  which  the  vessels  are  so  profusely  supplied,  that  is,  to  the  general 
atculation,  and  the  lymph  tinally  enters  the  Llnod-vcssels. 

But  in  the  higher  tribes  thctte  organH  of  ini])uldioa  are  absent,  and  iho 
arenlaiion  through  the  vessels  is  determined  hy  the  agencies  nicntiom>d 
ta  the  case  of  the  lacteals.  Ist.  By  the  constant  accumulation  of  liquid 
tf  ihe  origin  of  the  tube;  2d.  Hy  every  muscolar  movement,  either  vol- 
antjir7  or  in^-oluntary,  which  produces  a  compressiou  of  the  tutw,  the 
Ttlve*  oil  opening  one  way,  and  therefore  csuniing  the  included  liquid  to 
pass  tu  one  direction  only ;  3d.  By  the  exhaustive  action  at  the  mouth 
of  the  lymphatic,  arising  iiom  the  passage  of  the  blood.  It  ought,  per^ 
baps,  to  Iw  jiroraineJitly  ]K>inlfd  out,  as  l>t'lotiging  to  the  second  of  these 
causea*  that  the  pulsation  uf  the  arterial  trunks  luljacent  to  any  lym- 
phatic brings  the  power  of  the  heart  itself  into  operation  in  an  indirect 
way. 

Thoogh  the  absorbents  will  receive  many  different  bodies  and  transmit 
Ibem  to  llie  veins,  the  action  does  not  lake  place  in  an  in-  AnuarMii  •». 
diKTimiuate  manner.  Certain  Bubstauces,  such  as  the  fats  i*ciing  povtr 
aiu]  albumat,  liud  a  ready  entrance,  but  admission  to  others  "  "*** 
ii  wboUy  denied.  Thus  it  has  long  been  known  timt  if  coloring  matter 
he  bitrodnrcd  into  the  intestine,  it  by  no  means  frdlows  that  the  chyle 
will  be  tinged.  If  an  animal  be  compelled  to  take  litmns-watcr,  the 
cbf  le  will  rtiil  be  found  colorless  or  white.  On  stich  facts  was  founded 
the  old  dftctiinc  that  these  organs  possess  a  low  species  of  intelligence, 
dictiogaixliing  among  difierent  substances,  permitting  some  to  enter 
QMm,  and  reAwing  a  passage  to  others.  Haay  years  ago  I  showed  that 
these  fanciful  cases  are  capable  of  a  simple  physical  explanation.  Thns 
f  fimnd  that  if  blue  litmus  water  was  tied  up  in  a  hlaHdcr,  or  a  piece  of 
peiitonearo.  and  sank  in  a  rcssel  of  alcohol,  though  the  water  would  rap- 
idly infiltrate  into  the  alcohol,  the  coloruig  matter  would  1)C  stopped  jnst 
<  it  ia  in  the  intestine.  But,  in  reality,  there  is  no  need  of  su(di  cxpcri- 
iti  to  satidy  tis  of  the  tictitions  nature  of  Uiis  selecting  ]:Kiwer.  If 
we  EU  a  lamp  half  full  of  oil  and  half  ol'  water,  and  immerse  in  it  a  wick 
lon^  pDOogh  to  dip  into  Uxh,  if  the  wick  l>e  prcsiously  i«oHkcd  in  oil.  it 
bdraw  from  tlie  lamp  oil  alooet  and  continue  to  do  so  uuiil  the 
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lamp  ceases  to  bum ;  but  if  it  be  first  soaked  in  water,  it  will  wholly 
refuse  to  take  the  oil,  and  remove  the  water  alonct  until  all  is  escaped  hy 
evaporation.  But  did  ever  any  one  impute  to  the  wick  of  «  lamp  a 
power  of  intellectuality,  no  matter  how  obscure,  or  etq>pose  that  there 
is  any  thing  mysterious  in  such  a  selecting  operation  ?  A  perpetual  refer- 
ence of  the  most  common  facts  to  mysterious  agencies  has  been  the  great 
barrier  to  the  advance  of  medical  science.  This  system  was  introduced 
by  the  alchemists  and  quacks  of  the  I^liddle  Ages,  and  even  now  it  will 
take  many  books  and  many  years  before  physiology  can  be  rescued  from 
such  visionary  theories. 

From  the  point  to  which  our  descriptions  have  brought  ob,  we  have 
r'onnection  of  ***  ^cgard  this  part  of  the  absorbent  mechanism  as  connected 
iBctcais  and  with  two  great  animal  iiinctions,  motion  and  respiration, 
wuif  moiion  ^^th  its  divisions,  the  lymphatics  and  the  lacteals,  in  prepar- 
and  respira-  ing  fibrin  from  albumen,  make  provision  for  the  repair  of  the 
muscular  tissues,  and  arc  therefore  to  be  regarded  as  a  portion 
of  the  motive  apparatus.  But  the  lacteals  arc  charged  with  a  &rther 
duty,  and  in  a  double  manner  are  connected  with  the  respiratory  mechan- 
ism, for  they  not  only  introduce  fats  into  the  system,  but  give  origin  to 
the  cells  of  the  blood,  which  are  the  carriers  of  oxygen. 

We  may  therefore  close  this  chapter  with  a  few  remarks,  Ist.  On  the 
[»nnection  of  the  alraorbent  system  with  the  provisions  for  motion ;  2d. 
(Dn  its  connection  w^ith  the  respiratory  function,  as  more  particularly  dis- 
played hy  the  preparation  of  blood-cdls. 

Ist.  The  connection  of  the  absorbent  system  with  the  provisions  for 
motion  is  through  its  function  of  preparing  fibrin  from  albumen. 

From  the  membrane  which  lines  the  plexus  of  tubes  of  whicli  the  mes- 
KabricmtioQ  enteric  and  lymphatic  glands  are  composed,  crowds  of  nucleated 
of  fibrin.  ceUa  are  continually  arising.  As  to  the  function  of  these  cells, 
there  can  be  little  doubt  that  it  is  in  part  to  effect  the  translation  of  a 
jiortion  of  albumen,  which  has  been  introduced  along  with  the  oil  glob- 
ules, into  fibrin,  and  accordingly  we  find  that  the  chyle,  analyzed  at  dif- 
ferent parts  of  its  course,  yields  different  products.  As  has  been  stated 
already,  intercepted  before  its  passage  tlirougb  these  glands,  veiy  little 
fibrin  is  found,  but  collected  from  points  beyond,  the  quantity  of  fibrin 
steadily  increases  and  tliat  of  albumen  declines.  The  plexus  of  tube-s 
lias  therefore  for  its  object  to  expose  its  contents  to  the  influence  of  the 
<:ells. 

Now  what  are  the  chemical  conditions  under  which  the  transmutation 
of  albumen  into  fibrin  takes  place  ?  The  problem  is  most  clearly  pre- 
sented in  the  case  of  the  incubation  of  a  bird's  egg.  The  white  of  the 
i^g,  consisting  chiefly  of  albumen,  gradually  loses  that  form,  and  passes 
into  the  state  of  fibrin  as  the  development  of  the  muscular  tissues  of  the 
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ymag  ebJcken  in  effected ;  bat  the  change  can  not  take  place  except  ox- 
be  received  through  the  shell ;  and*  indeed,  in  all  cases  in  which  al- 
■n  passes  into  fibrin,  it  docs  so  only  in  the  presence  of  oxygon. 

But  in  the  caso  of  the  absorbent  glands,  frotii  what  sotut»  does  ifae 
reqoistte  oxygen  cotiieV  Thcpr  glands  have  juf<t  been  de-  Mftonerin 
acrib«l  oa  plexuses  of  the  abaorlxint  tubes,  among  the  rami-  ■''''^'  "'ys^ 
DcatiouR  of  vrhtuti  artcncs  and  veins  are  abundantly  disinb-  the  making  or 
at«I,  the  blood  not  getting  aoocas  to  the  interior  of  the  nb-  ^'^'''"* 
Mffbent,  but  running  in  its  own  veSfwls,  as  it  were,  side  by  side,  and 
bnncliing  on  the  uaked  walls  of  the  plexus;  and,  just  as  in  the  placen- 
tal ctrcuUtion  Ibo  arterial  blood  of  the  mother  vivifies  or  furnishes  oxy- 
gen to  the  facial  btood,  eo  in  this  instance  tliu  arterial  blood  eiiabtos  iht- 
eeUs  to  discfaorgc  their  doty  of  converting  the  albumen  into  fibrin,  whidi 
passes  onward  to  the  general  circulation  for  the  renovation  of  the  musca- 
tar  ti^ioes. 

Since  the  hourly  consumption  of  fil>rin  may  be  taken  at  62  grains, 
tlie  qtiantity  produced  by  the  action  of  these  cells  must  be  the  same. 
Wc  may  theretbre  affirm  that  the  tibriu-producing  mechanism  yields 
about  one  grain  in  each  minute  of  time. 

3d.  Contemporaneously  with  the  elaboration  of  ttbrin  is  the  derelop- 
nMat  of  the  proper  chyle  corpuscles.     Through  the  evolution   Fonnailonflf 
of  these  and  the  ab5or|ition  of  fat,  the  chylo  vchscIs  present  a  U«*«*tl». 
connoclion  with  the  respiratory  apparatus. 

If  any  weight  ia  to  be  given  to  the  views  of  Aacheraon,  the  occurrence 
of  fit  globules  in  the  chyle  is  essential  to  these  ocUnlar  productions. 
lie  found  that  when  globules  of  oil  arc  placed  in  a  solution  of  albumen, 
ihry  lnvomo  coated  over  wilh  a  film  of  that  substance  iit  a  coagulated 
ctalc,  and  lieiice  was  led  to  infer  tbat  this  is  the  starting-point  of  cell  pro- 
ifociioo  genendlr. 

The  chyle  corpuscles  nre  the  embrj'os  of  the  true  red  blood-cells,  tho 
kttpr  beiug  derived  from  thorn  by  paduol  development.  As  will  appear 
a»or«  in  detail  wlicn  we  oorae  to  the  description  of  the  blood,  in  vorte- 
tvated  animals  there  are  two  distinct  classes  of  red  blood-  „  ^^. 

eella.  wbich  appertain  to  distinct  periods  of  life.     The  first,  runn*  or  blood. 
which  are  found  in  man  previously  to  the  time  of  formation  "  *  n"*". 
of  the  cbylc  and  lymph,  arc  nucleated,  and  have  the  power  of  reproduc- 
tion by  fis^uring  of  the  nudcas. 

Eui  a  distinct  Mt  gmilnally  rt^Iaecs  the  pn%cding.  TIichb  cdla  have 
no  Dttdeiu;  they  are  H:tt1ciied.  bi-conrave,  and  in  man  circular.  Thry 
pmiiifBii  no  power  of  reproduction  cither  by  fissuzing  or  otherwise.  Their 
of^n  i«  from  the  chyle  corposclc,  the  granular  interior  of  which  clears 
up.  and  i»  succeeded  by  a  deep  red  tint.  The  transition  from  the  first 
to  the  Mcond  of  these  ibnns  takes  place  at  an  early  period,  and  may  be 
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regarded  as  complete  in  the  human  embryo  of  two  months  old.  After 
that  time  blood-cells  are  generated  upon  the  second  plan,  from  tlu  chyle 
corpuscles  alone. 

It  is  a  s^niiicant  circumstance  that  this  transition  from  the  leprodnc- 
tive  to  the  non-reproductive  blood-cell  is  coincident  nsuallj  with  the  dis- 
appearance of  the  external  bnmchifc,  or  the  closing  of  the  branchial  fis- 
sures. There  can  be  no  question  that  the  destined  function  of  the  per- 
fect blood-cell  is  the  introduction  of  oxygen  to  the  system.  In  their  or- 
igin and  in  their  object  they  are  therefore  in  relation  with  the  respiratory 
mechanism. 


CHAPTER  VL 

ABSORPTION  BY  THE  BLOOD-TESSELS. 

Pnof  o^  AbaorjOkn  Ajp  the  Bhod  CnpiUane*. — OeavM  as  a  phgnaxt  Nemaity.'—Natmv  of  Oa/h- 
iBarg  Attrartion. — Its  Phenomena  in  tkt  Rite  and  Depreanon  of  Li^idda. — CcmiBtiBma  Jor 
producing  a  Fhw  in  a  GxfnUarif  Tube. — I'aiwiffe  of  Utpada  thromgk  miitmle  Pore*. — GtmntI 
Pn^toaUiom  retperting  OipiUury  AttraeHoa. — EndotmoM*  and  Eiomtoais. — They  drpemd  on 
OgnHaiy  Atfraetiom. — J-om  againtt  which  thete  itoneinent*  moy  Udce  piaee. — Jlhmratkm  ^' 
selecting  Poteer. — General  View  o/ the  entire  Function  of  AbMorption,  hcteai  <md  venoiu. 

That  the  blood-vessels  of  the  stomach  and  intestinal  tube  participate 
Sabtunc«f  m  in  the  function  of  absorption  is  demonstrated  by  many  dif- 
tSTb^^OT-  ^6^^''  facts.  Medicaments  placed  in  the  stomach  af^er  its 
ai»ri<-s.  pyloric  orifice  has  been  tied  will  produce  their  specific  effect 

almost  as  rapidly  as  under  natural  circumstances ;  and,  since  there  are 
no  proper  lacteals  upon  that  organ,  and  its  lymphatics  seem  to  be  inade- 
quate, the  absorption  of  these  agents  can  have  taken  place  through  the 
blood-vessels  only. 

This  conclusion  is  substantiated  by  an  examination  of  the  blood  of 
the  gastric  and  mesenteric  veins.  It  varies  with  the  stage  of  diges- 
tion and  the  nature  of  the  food.  At  first  there  is  a  general  lowerii^  of 
the  percentage  amount  of  the  solid  ingredients,  this  being  evidently  the 
result  of  the  absorption  of  water.  At  a  more  advanced  period,  the  rel»> 
tive  proportion  of  albumen,  or  rather  of  albuminose,  rises,  and  along  witli 
it  the  extractive,  gelatine,  and  sugar  increase.  As  with  the  chyle  in  the 
lacteals,  so  with  the  blood  in  the  mesenteric  veins,  coagulation  takes 
place  imperfectly,  or  perhaps  not  at  all.  It  is  stated  that  the  mesen- 
teric blood  of  a  fasting  animal  does  not  differ  from  the  ordina:y  venous 
blood. 

The  position  of  the  blood-vessels,  both  on  the  mucoos  surface  of  the 
stomach  and  particularly  on  the  villi  of  the  intestine,  is  favorable  to  the 
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<tifdurg<e  of  this  function.  The  term  venoQi!  absorption,  employed  lo 
express  it,  is  porliapB  somcwlint  incorrect,  since  tliere  is  no  reawD  that  a 
rcttiotis  capillm'  should  have  any  advantage  over  an  arterial  one  in  this 
lupcvt.  The  rapidity  with  vhich  substances  in  a  stale  of  solution  arc 
tAkeo  up  fntm  these  cavities  has  been  well  dcmonstraied  by  such  iii- 
■tances  as  those  of  the  detection  of  Uic  ferrocyanidc  of  jKitassium  in  the 
urine  vithin  2^  minutes  of  its  having  been  depoaited  in  the  stomach,  or 
bj  the  death  of  dogs  in  a  similnr  short  [)criod  after  strong  alcohol  had 
been  administered  to  them,  their  blood  being  found  to  l)c  charged  with 
that  combustible  au1>9tanoe. 
AfiQODg  subslani.-es  thus  finding  their  way  into  the  circulation  by  di- 
11  net  rascuhur  absorption  may  be  fuumuratcd  such  soluble  salts  as  have 
|H  little  affinity  for  the  tissucK,  mineral  and  organic  acidst  alcohol,  ether. 
m  volatile  oils,  vegetable  alkaloids,  and  coloring  matters,  as  those  of  Hiu- 
^^faprb,  madder,  gamboge. 

I^^^hn  fiict,  if  there  were  not  those  physiological  conEiidcrations,  we  should 

j^^WW  lo  admit  absorption  by  the  blood-vcsscU  a.%  a  mat-  AUaqHion  hy 

V  IflT  of  uhysica]  nccesaitv ;  for,  under  tlic  circumstances  of  *«  fci^xi-**^ 

tneir  Mtmition,  they  must  take  up  soluble  mntterei  presented  phyt\ta  uom- 

to  ibem.      Through  the  ptires  of  their  delicate  structure  sub-  **'•'■ 

'       stances  in  the  hquid  state  will  pass  to  mingle  with  the  blood. 

H      Though  we  have  treated  of  respiratory  or  lucteal  absorption  as  spedf- 

'       ieally  distinct  from  absorption  by  llie  blood-vcascls.  the  circumstances 

Itfre  allndcd  to  evidently  point  out  that  the  Tcitulting  action  of  the  villi 

of  the  iDtcstiuci  is  of  a  mixed  kind;  for,  though  the  epithelial  cells  and 

the  commencing  poudi  of  the  lacteal  may  exert  a  definite  induc-ncc-,  the 

ueCwork  of  Uood-vesdels  which  lies  immediately  beneath  the  epithelium 

umil  he  engaged  in  jirecii^ly  the  same  maimer  an  the  network  of  blood- 

reaaels  between  the  gastric  follicles.     The  permeation  of  ttie  walls  of 

these  tubes  by  substances  in  a  state  of  solution  is  dependent,  as  wo  are 

BOir  to  aeeii  upon  a  purely  physicnl  principle,  which  is  just  as  appUcnbIc 

in  tbe  one  ease  as  it  is  in  the  other.     The  leading  solid  ingredients  of 

the  diyle  b«ng  fat  and  alhnmen,  the  former  i«  perhaps  introduced  by  the 

proper  lacteal  stmctnre^  and  the  latter,  taken  up  by  the  vaACtdar  network, 

exodcs  in  part  again  from  it  into  the  lacteal  arrangement. 

In  tho  case  of  absorption,  as  in  that  of  respiration,  lierenfler  to  bo  de- 
•erihed,  thexe  is  a  physical  principle  in  operation  wiiich  it  is  necessarj' 
to  understand.  I  shall  proceed  to  explain  it  on  this  occasion  as  far  as  is 
Beedfnl  for  the  present  ptirjios*-,  and  complete  tlie  description  in  the  chaj>- 
Kr  OD  the  fnnction  of  re .'<pi ration.  The  peculiar  \-iewa  here  set  forth, 
19  &r  as  tliey  differ  from  tho«e  ordinarily  expressed,  I  believe  to  be 
wamnled  by  my  owti  e.x{)erimentB  elsewhere  published. 
The  ftbvorbont  action  of  tlie  blood-veaaels  depends  on  the  force  known 
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Cspiiiaiy    antong  physical  writers  as  capillary  attracttiok.     Its  natnre 
■ttnction.  m^y  ^e  illustrated  as  follows: 

If  a  piece  of  glass  be  laid  on  the  surface  of  quicksilTer,  it  is  so  poweav 
fiilly  attracted  thereto  as  to  require  the  exertion  of  considerable  force  to 
lift  it  oif.  Natural  pliilosophers  generally  regard  this  as  a  force  sui  g^ 
neris,  and  speak  of  it  under  the  title  of  capillary  attraction.  I  believe  it 
is  nothing  but  an  ordinary  electrical  phenomenon,  since,  if  the  glass  be 
examined,  it  will  be  found  to  be  in  a  positively  electrified  state,  and  the 
quicksilver  negative,  and  under  the  general  law  of  electricity,  known  as 
that  of  Dnfay,  attraction  must  be  the  result. 

If  the  glass  be  laid  upon  the  surface  of  water,  there  is 
an  attraction  as  before.  On  lifting  it,  however,  there  is 
no  electrical  manifestation.  The  reason  of  this  is  plain. 
On  examining  this  glass,  it  will  be  found  that  no  true 
separation  of  it  from  the  water  has  taken  place.  A  film 
of  water  is  still  attached  to  it,  or,  in  other  words,  it  is 
wetted. 

If  a  slender  glass  tube,  b,Fig.  37,be  dippedinto  a  liquid, 
EiflVBtion  Md  a,  a,  which  cui  not  wet  it,  as,  for  example, 
Hquw^in^i  quicksilver,  the  liquid  is  depressed  as  at  c, 
lUary  tube*,  and  does  not  rise  to  its  proper  liydrostatic 
level,  or,  perhaps,  altogether  refuses  to  enter  the  tube. 

Fig.i&.  If  a  slender  glass  tube,  b.  Fig.  38,  be  dipped  into 

a  liquid,  rz,  a,  which  can  wet  it,  as,  for  example,  water, 
the  liquid  at  once  rises  in  the  tube,  as  at  c,  to  a  height 
which  is  greater  in  proportion  as  the  diameter  of  the 
tube  is  less.  It  is  this  phenomenon  which  has  ^ven 
the  designation  capillary  attraction^  because  it  is 
best  seen  in  tubes  as  fine  as  a  hair  (capillus). 

Now  if  there  be  a  tube  of  such  a  diameter  that  it 
could  tlius  lift  water  ten  inclies,  and  it  be  broken  off 
so  as  to  be  only  six  inches  long,  we  might  inquire 
whether  the  water  would  overflow  from  its  top,  or 
simply  remain  suspended. 
Mathematical  considerations  as  well  as  direct  experiments  prove  that, 
in  such  a  case,  there  would  be  no  overflow.     A  capillary  tube  under 
these  circumstances  simply  lifts  the  water,  but  can  not  produce  a  contin- 
uous current. 

But  if  a  removal  of  the  water  at  the  top  of  the  tube  takes  place  in  any 
-,  ...  .  manner,  as,  for  instance,  by  evaporation,  or  by  being  dissolved 
producing  a  away,  then  a  continuous  current  is  produced.  This  fact  ex- 
****'  plains  the  phenomena  of  endosmosis,  presently  to  be  de- 

scribed. 


Dvim-uioB  of  B  non* 
weUing  liquid. 


Etevaifon  of  ■  vcttlns 
liiiuid. 


rABSAOB  OP  WATRR  THROOaH  CREVICES, 

As  illustrative  of  the  prodnction  of  a  continuons  flow,  we  may  cite  ihf 
COM  of  a  spvrit-Iamp,  the  wick  of  n-hicli  may  be  regnnled  as  a  bundle  of 
ek|iillaiy  tuben.  If  the  cover  of  the  lamp  be  taken  off,  all  the  spirit  will 
pm  up  the  wick  and  escape  by  evaporation.  Or  in  an  oiUlanip.  the  wick 
of  which  bcoomeg  readily  eatunitod  with  the  lirjtiidt  but  never  exhibits 
taf  ovrrflow*  on  the  tamp  Ix^iiig  ktndlnd,  tim  oil  is  bnnied  ofi'i  and  a  cur- 
nail  ia  at  once  established. 

1  haveBhawn  tJiat  water  will  pnsa  through  acrcvice,  the  width  of  which 
is  leu  than  one  half  of  thr  luiltionth  of  an  inch.  Pores  ov  1.l<|iiiil«  i<a« 
ciFvice.4  of  Buch  a  dimi^nsion  are  invisible  even  with  a  micro-  *'''**'*''  ^"^ 

AApe.  icrii  or  pan*. 

The  evidence  in  proof  of  this  is  veiy  readily  obtained  cxjwrinien tally. 
f^  ^  If  wc  take  a  convex  lena,  a,  a,  of 

lon|;;radiiiK,:md  pla<-i>  it  upon  aglaga 
plane.  A,  A,  there  will  1)0  seen  at  the 
r>^rBor>«t>rUirM>B>>am<ia'.  poinC  of  contact,  c^  on  looking  down 

npon  the  ammgcmcnl.  a  black  spot  surrontidcd  by  a  aeries  of  varioualy 
eolorvl  concentric  circles,  the  appearance  being  «'eU  known  among  op- 
tical writers  under  the  name  of  Newton's  colored  ringc.  At  the  )xiint 
of  apparent  contact,  r,  tlu;  lens  and  the  plane  are,  aa  Newton  liaa  t^hown. 
a  distance  apart  of  about  the  one  half  of  the  millionth  ot  an  incli,  and 
from  this  ccjitrol  point,  proceeding  outwardly,  the  distance  lictwccn  tlic 
gbuMs,  of  course,  increases.  If  any  where  at  the  outer  portion  a  drop 
of  water  be  intmducc^l.  it  extends  itmdf  inittuntly  acrosa  all  the  colored 
in^^a,  rcAcJiing  even  aero»8  the  central  black  s^xit. 

Tbn  thrw  following  general  |>ropoaition8  present  those  ph»-  gcbfibI  i>r«p«- 
noBcna  of  capillary  aitnuTtion  winch  are  moat  interesting  in  [ii^'*^'LjiuI^" 
*  phywolopical  yml  of  view.  Mir»ctlc.ii. 

lat.  If  the  force  of  attraction  of  the  particles  of  a  solid  for  those  of  a 
id  be  not  e({ual  to  ^a?/*tlie  cohesive  force  of  the  latter  for  each  other, 
liquid  will  nifuse  to  paas  through  a  pore  of  that  solid  eubstaucc,  and. 
m  A  cnpiltary  tube  consisting  of  it,  will  be  depressed  below  its  hydro- 
static Icvi'l. 

2d.  If  ilic  force  of  attraction  of  the  particles  of  a  solid  for  those  of  a 
Uqvid  exceeds  /tai/the  cohesive  force  of  the  latter  for  each  other,  but  is 
oot  equal  to  tlie  whole  force,  the  Uquid  will  pass  through  a  pore  of  that 
•did  subHtance,  and,  in  a  capillary  tube  uf  it,  will  rise  above  its  hydro- 
■tatir  level. 

3d.  If  the  force  of  attraetion  of  the  particleji  of  a  solid  for  those  of  a 
liquid  •'xroeda  the  whole  cohesive  force  of  the  latter,  chemical  union  be- 
tween them  cnaiieA, 

It  wnnld  not  lie  consistent  with  the  plan  of  tliin  work  to  offer  a  dem- 
ooMntion  of  these  propositions ;  ncverthcleu,  they  are  capable  of  rigoi^ 
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0U8  mathematical  and  physical  proof.  The  views  I  am  here  presenting 
enable  us  to  include  the  pressures  between  soUda  and  UquidSi  the  rise  or 
depression  of  liquids  in  capillary  tubes,  and  the  phenomena  of  chemical 
affinity  in  the  same  general  expression.  And  such  a  co-ordination  is  the 
more  valuable,  since  there  has  been  a  disposition  among  {^ysiolo^sta  to 
regard  the  introduction  of  material  through  the  pores  of  organized  textures 
as  dependent  on  some  ill-defined  or  mysterious  principle. 

The  phenomena  of  cndosraosis,  first  brought  to  general  notice  in  the 
EndoFmosis  case  of  liquid  substances  by  M.  Dutrochet,  may  be  explain- 
uid«xo«iiiMu.  ej  ag  follows:  If  some  alcohol  be  placed  in  a  bladder,  the 
neck  of  which  is  tightly  tied,  and  the  bladder  be  sunk  in  a  vessel  of 
water,  a  percolation  ensues,  so  that  the  bladder  distends  to  its  utmost 
capacity,  and  might  even  be  burst.  Or,  which  is  a  better  method  of 
showing  the  result,  if,  instead  of  tying  the  mouth  of  the  bladder,  a  glass 
tube,  open  at  both  ends,  and  a  foot  or  two  long,  be  fastened  into  it  with-  * 
out  leakage,  as  the  water  introduces  itself  through  the  pores  of  the  blad- 
der to  mingle  with  the  alcohol,  the  liquid  rises  in  the  glass  tnbe,  sup- 
posed  to  be  left  in  a  vertical  position,  and,  when  it  has  reached  the  top  of 

it,  overflows.  To  express  this  inward  pas- 
sage of  the  water  the  term  endosmosis  was 
introduced,  and  since  a  little  of  the  alcohol 
simultaneously  passes  outward  to  mix  with 
the  water,  it  is  said  to  exhibit  exosmosis. 

In  J'^ig.  40  is  represented  the  endosmom^ 
ter  of  Dutrochet  It  consists  of  a  small  blad- 
der, a,  tightly  tied  to  a  tube,  dy  which  is  open 
at  both  ends,  and  bent,  as  seen  in  the  figure 
ate;  the  bladder  being  completely  filled  with 
alcohol,  and  the  tube  to  some  such  point  as 
d,  the  arrangement  is  to  be  placed  in  a  ves- 
sel of  water,  ee;  almost  immediately  the  level 
Eodonnoiu.  ^f  jj^^  jj^j^j^  ^jjj  ^  ^^^  j^  j^g  nging^  the 

bend  of  the  tube  is  reached,  and  one  drop  after  another  falls  from  the  open 
end  into  the  glass,  b.  And  this  continues  until  the  liquids  inside  and 
outside  of  the  bladder  are  uniformly  commingled. 

It  is  to  be  regretted  ttiat  the  terms  endosmosis  and  exosmosis  have 
The»e  move-  been  accepted  by  physiological  writers,  for  in  these  results 
meniB  are  de-    there  is  nothing  more  than  what  we  should  expect  from  the 

pendent  on  c«-  ,  •■ii>-ii  mi  i« 

pUlMy  Btirac-  known  principles  of  capillary  attraction.  Ihe  pores  of  a 
*""**  bladder,  or  of  any  other  such  organic  texture,  are  nothing  but 

short  capillary  tubes  into  which  water  readily  finds  its  way,  because  it 
can  wet  the  substance  surrounding  the  pore.  If  the  bladder  be  distended 
with  air,  and  sunk  under  water,  although  the  water  will  fill  the  pores,  it 
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will  wrt  exndo  from  them,  aiid  accumnlatc  in  tlie  interior  of  the  Tisciui, 

kiat,  a»  we  have  seeii,  a  capillary  tube  can  not  Mtabli»h  a  continued  cur- 
rent or  fiow.  But  the  case  becomes  totally  different  when  the  bladder  is 
fiQed  with  tdcobol ;  for  then,  ai«  fast  as  tbc  water  presents  itself  on  the  in- 
Dtf  end  of  the  pore,  it  is  dissolved  away  by  the  alcohol,  and  the  uccestMiry 
oanditioQ  for  a  continuous  dow  is  complied  with.  Mcuiitiinc,  through 
the  pon  itself  a  little  alcohol  passes  in  the  opposite  way  by  infiUniting 
ihnmgh  the  incoming  water,  provided  tliat  the  current  be  not  too  stroug, 
•nd  so  endodmosis  of  the  water  and  cxosinosis  of  the  alcohol  take  place, 
the  corrwit  of  the  former  greatly  preponderating  over  tliat  of  tlic  latter, 
Hid  on  aocaniulation  of  liquid  in  the  interior  of  the  bladder  cnsu'^s. 

That  in  all  this  there  is  nothing  specially  dependent  on  the  organic 
WEtore  employed  is  obvious  irom  the  fact  that  the  same  results  aris« 
»iicn  any  inorganic  porous  body  is  used.  VupsuIs  of  unglazed  oartlicn- 
vm,  pieces  of  baked  slate  or  stucco,  answer  the  piirpuKc  very  well,  as 
will  also  a  glass  vessel  with  a  minute  fissure  or  crack  in  it 

An  incorrect  representation  of  the  conditions  under  wliich  cndosTnosiB 

ttkci  place  is  often  made.     It  is  said  to  depend  on  the  relative  speeiftc 

gravity  of  the  liquids.     Thns  it  is  stated  that  the  lighter  liquid  always 

»Oim»  toward  the  dcr);>er,  more  abundantly  than  the  denser  to  the  lighter. 

The  error  of  this  is  readily  shown  by  many  simple  illustratious.     Thtu 

water  eodoemoses  equally  wcU  to  alcohol,  which  is  lighter  than  it,  and  to 

pan  water  or  salt  water,  which  arc  heavier.     The  relation  of  Bpeciiic 

^paviiy  has  nothing  whatever  to  do  with  tho  action. 

H    The  force  with  which  a  liquid  will  thus  pass  through  a  pore  to  mingle 

Hwitfa  another  liquid  beyond  is  very  great.     1  have  observed  p^^  mrtUui 


motions  occurring  against  a  pressure  of  many  atmos- 


rhkb  Ui« 
nioi'eiiMRIi 


fHns.  And,  indeed,  in  practice  we  have  no  means  of  measuT-  md,vui>e 
mg  its  actual  intensity :  for  when  a  presBurc  of  a  certain  de-  i"'*'^- 
gno  has  accnmulatcd,  hydraulic  leakage  takes  place  backward  through 
tbo  pore,  and  cnnceals  Uic  true  action. 

FnMn  the  preceding  statements  respecting  capillary  attraction  and  en- 
daanwaia,  we  may  tliercforc  conclnde  that,  whenever  a  liquid  in  in  con- 
net  with  a  porous  body  the  Rubstanre  of  which  it  can  ivet,  it  will  &eely 
pBM  into  the  pores  thereof,  and,  if  the  necessary  conditions  for  its  re- 
ooval  are  pfcsent,  will  percolate  or  transfuse  with  very  great  mechanical 
power;  tbat  this  will  take  place  through  iwres  that  are  not  uidy  invis- 
iUe  to  tbe  eye,  but  im^ierceptible  by  the  aid  of  the  microscope ;  that 
MOie  tiqaids  pass  thus  with  more  readiness,  some  with  leas,  some  not  at 
aU — the  result  in  these  respeots  de|)eiiding  on  the  electro-cheniioU  rela- 
tiom  sahsitling  between  tliem  and  the  solid  they  are  in  contact  with, 
aad  their  own  force  of  rohesion ;  that  organic  membranes  present  no 
riticii,  their  action  arising,  not  because  tliey  are  organic,  but  be- 
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cause  tlipy  arc  porous ;    that  the   so-called   selecting  power  is  purely 


Fit.  ti. 


aek-cUiii;  pi'iiiT  of 
iaembrui& 


pliysica),  as  are  the  separations  and  apparent  decomposi- 
tions to  which  it  gives  rise.  When  a  drop  of  colored 
water  is  put  upon  chalk,  the  water  sinks  in,  but  the  color 
is  left  on  the  surface.  When  weak  alcohol  is  tied  up 
in  a  bladder,  the  water  will  escape  through  the  pores, 
anH  the  spirit  become  anhydrous  at  last. 

If  we  take  a  glass  tube,  <z,  a,  fig.  41,  over  the  lower 
end  of  which  a  piece  of  peritoneum,  or  other  delicate 
membrane,  b,  b,  is  tightly  tied,  and  half  fill  it  with  litmna- 
water,  and  then  place  it  in  a  glass  of  alcohol,  <%  <;,  the 
level  of  the  liquids  inside  and  outside  being  adjusted  ac- 
cording to  their  specitic  gravity,  so  that  there  may  be  no 
hydrostatic  pressure  either  one  way  or  the  other  through 
the  pores  of  the  peritoneum — as  soon  as  the  arrangement 
is  completed,  if  the  observer  be  so  placed  as  to  view  it  by 
transmitted  light,  he  will  see  tlie  water  descending  from 
the  pores  of  the  peritoneum  in  stria;  and  streams  through 
the  alcohol  in  a  perfectly  colorless  state.  The  membrane, 
therefore,  has  absorbed  and  transmitted  the  water,  but  has  refused  to 
the  coloring  matter  a  passage.  It  is  to  tlus  particular  experiment  that 
allusion  was  made  when  speaking  of  the  non-coloration  of  the  chyle 
when  certain  coloring  material  had  been  mixed  with  the  food.  Such 
illustrations  may  therefore  satisfy  us  tliat  the  selecting  power  of  organic 
porous  textures,  like  that  of  inorganic  ones,  is  dependent  on  sim^Je 
physical  circumstances,  and  for  these  reasons  I  exclude  from  the  mech- 
anism of  animal  absorption  the  influence  of  any  vital  or  other  mysteriooB 
principle,  and  adopt  the  sentiment  of  the  Abbe  Hauy,  that  "those  specious 
causes  and  imaginary  powers,  to  which,  in  the  Middle  Ages,  all  natural 
phenomena,  even  tliose  of  an  astronomical  kind,  were  referred,  but  which, 
through  the  genius  of  Newton  and  Laplace,  have  been  banished  from  the 
celestial  spaces,  have  taken  their  last  refuge  in  the  recesses  of  organic 
beings,  and  from  these  retreats  positive  philosophy  is  preparing  to  expd 
them." 

In  view  of  all  the  preceding  facts,  I  therefore  regard  absorption  by  the 
SammBrv  of  hlood-vessels  as  taking  place  of  necessity,  because  of  the  po- 
the  nature  of  rous  Structure  of  those  tubes ;  for,  though  the  pores  may  be 
rp  ion.  j^^  small  to  be  discerned  even  by  microscopic  aid,  they  are 
abundantly  large  enough  to  permit  such  a  percolation.  Whatever  ma- 
terial is  existing  in  the  chyme  in  a  state  of  solution  in  water  and  also 
soluble  in  the  blood,  passes  through  the  walls  of  the  vessels,  and  is  moved 
toward  the  liver,  its  percolation  being  greatly  facilitated  by  the  onward 
motion  of  the  blood,  in  which  liquid  it  is  dissolved  as  fast  as  it  presents 
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Elf.     The  double  coiiijilioii  bcra  specified  must  be  cooiplicd  with;  the 

itenal  la  be  introduced  must  be  dissolved  in  water,  and  must  be  sol- 
uble in  the  blood.  If  tlic  latter  condition  be  wonting,  the  vcsftelii  seem 
to  oiAntfcst  a  selecting  power,  absorption  not  taking  place,  or  in  the  case 
of  litmus,  presented  above  as  an  illustration — a  coloring  matter  which, 
though  soluble  in  water,  is  not  soluble  in  alcohol,  and  so  can  not,  under 
tboAc  circumsiouces,  pass  through  a  piece  of  bladder. 

While  thus  tberv  1^  an  introduction  of  digested  material  irom  the  stom- 
ach and  intestine  into  the  blood,  tlic  physical  principles  wliich  ore  guid- 
ing ua  in  our  explanation  (each  us  that  there  must  bo  a  [icrcoladon  of 
ibe  more  watery  [rortiona  of  the  blood  in  the  opposite  direction — that  is, 
mio  the  digcslive  cavity.  Tlierc  ie  every  reason  to  bclicvo  lliat  this 
pcrcoUiion  is  to  a  far  greater  amount  than  Ib  generally  su])po8ed.  Under 
eertun  ctrcnra stances,  it  is  a  matter  of  ordinary  observation  that  the  wa- 
ter dlschai^ed  from  the  intestine  is  more  in  quantity  tlian  that  which  has 
been  taken  as  drink. 

Taming  our  attention  now  to  the  course  which  is  followed  by  the  liq- 
uid which  has  been  Jnirodiiced  iirom  the  digestive  cavity  q  f.^^ 
tula  the  blood-vcsscU,  we  must  bear  in  mind  that  the  con-  aiMOTbtiintAM- 
tciu  of  ihoM  Tesecis  i^  composed  of  two  difitinct  portions,  "*' ,^odlftc»^*" 
cJmi  mailer  thus  recently  introduced,  and  the  original  venous  tii'n>  it  tmdgr- 
hlood.     These  togeilicr  make  their  way  through  the  portal  ^^' 

tlm  liver,  a  gland  of  double  fiinction,  and,  as  wc  may  say  in  this 
of  double  structure;  for,  though  it  has  a  duct  for  the  disposal 
of  tbc  products  whicli  arise  from  its  action  on  one  portion  of  the  material 
thtu  brought  lu  it,  the  vciidujh  blood,  it  is  ductlei^s  as  regards  the  other 
ptrtinn,  which  has  been  received  from  the  digestive  cavity.  This  portion, 
■nder  the  intlucnco  of  the  cell  structure  of  the  liver,  undci^oca  profound 
nadificmtion  t  for  instance,  liver-sugar  makes  its  appearance,  though  none 
isuted  before.  It  is  not  ntocflsary  for  us  to  specify  tbeae  changes  pa> 
ticiikriy  here,  since  we  shall  have  to  examino  lliem  more  in  detail  iii  a 
«ulMcr{Hent  chapter;  but  it  may  be  observed  that  the  anatomical  pe- 
niliiuily  of  the  Uvcr  in  this  bi-ancfa  of  its  duty  is,  that  it  simply  impresses 
a  change  on  tlie  compounds  thus  brought  to  it,  gives  rise  to  no  cxercttons. 
•nH  tfacrcfonr  has  no  clianncl  or  duct  of  escape,  unlowa  indeed  wc  say,  aa 
we  an  actually  jtistiliod  in  doing,  that  the  hepatic  veins  llieinaclvGS  arc 
tlie  dads  of  the  liver  in  this  respect. 

Though  il  iloes  not  strictly  appertain  to  the  subject  of  which  we  arc 
now  sjwaking,  abaorplion,  wc  may,  for  the  sake  of  oonipletonejsH,  describe. 
m  a  «Qperficiftl  manner,  what  oceurs  to  the  other  constituent  of  ihc  portal 
Uood,  iu  proper  venotuB  portion.  This,  brought  into  the  liver,  is  acted 
upon  hy-  tliat  organ  and  dooomposed  ititu  two  purliunt*.  one  of  which,  con- 
atituling  ihi:  bile,  ia  brought  back  eventually  thmugh  the  pro^Kx  bile  duct 
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into  the  intestine.  The  other  is  carried  into  the  blood  circalation.  I  be- 
lieve that  Hue  separation  is  of  a  purely  physical  kind,  and  is  accomplisb- 
ed  by  mere  filtration,  the  elements  of  the  bile  all  pre-existing  in  the  blood. 
However  that  may  be,  the  separation  in  a  chemical  sense  is  reiy  distinct, 
for  the  nitrogenized  ingredients  are  saved  to  the  system,  and  carried  into 
the  general  circulation  through  the  hepatic  veins ;  bnt  the  bili&ry  m«te- 
Retnrn  of »  '^  brought  back  into  the  intestine  is  a  hydrocarbon  tinctoied 
put  to  the  with  a  little  coloring  matter,  which,  being  on  a  n^id  career  of 
retrograde  metamorphosis,  is  prone  to  act  as  a  ferment,  and 
therefore  unfit  to  remain  in  the  system ;  accordingly,  it  is  removed  with 
the  excrement.  The  other  portion,  the  hydrocarbon,  which  has  been 
brought  into  the  intestine,  is  not  yet  done  with ;  advantageous  use  can 
still  be  made  of  it.  It  can  aid  in  the  introduction  of  &tB  through  the 
villi  into  the  lacteals,  Bnd,lrom  its  combustible  nature,  is  of  an  equal  value 
to  the  system  with  the  oils  it  tlius  helps  to  introduce.  We  may  advan- 
t^eously  trace  the  course  which  it  follows,  for  in  so  doing  we  shall  com- 
plete our  description  of  the  function  of  absorption  in  its  most  general 
sense. 

The  fat  matters  which  have  been  subdivided  into  portions  of  mioo- 
Manner  of  Bcopical  minuteness,  small  globules,  each  of  which  is  ccwted 
action  of  over  with  a  delicate  film  of  albumen,  and  all  brought  tfaerefine 
into  the  state  of  an  emulsion,  can  make  their  way  by  reason  of 
the  peculiar  properties  of  the  investiture  which  thus  covers  them  throu^i 
the  pores  of  the  villi  into  the  lacteaL  For  my  own  part,  I  do  not  believe 
that  there  is  any  passage  through  the  epithelial  cells,  but  that  it  is  en- 
tirely interstitial,  and  that  it  is  not  unlikely  that  the  biliaiy  constituent 
aids  in  this  progress.  It  signifies  nothing  that  the  spaces  through  which 
the  fat  globules  have  to  go  are  less  than  their  own  diameter ;  they  can 
elongate  into  worm-like  forms,  just  as,  under  the  same  circumstances, 
blood-cells  can  do,  and,  the  moment  tliey  reach  the  cavity  of  the  lacteal, 
reassumc  their  sphericity  by  reason  of  their  cohesion.  The  albumoi 
that  now  accompanies  them  in  the  liquid  form,  as  the  other  chief  ingre- 
dient of  the  chyle,  comes,  for  the  most  part,  &om  the  blood>vessels  of 
the  villi.  The  chyle  moves  onward  to  the  mesenteric  glands,  and  makes 
its  passage  through  them  either  in  naked  tubes  or  through  their  pulpy 
structure,  is  submitted  to  cell  action  and  to  arterial  blood,  undergoes  the 
morphological  changes  which  have  been  described  in  the  preceding  chap- 
ter, and,  gaining  the  thoracic  duct,  is  brought  into  the  general  circula- 
tion. 

In  the  description  here  offered  of  the  function  of  absorption,  the  agenr 
cy  of  physical  forces  alone  has  been  "considered,  and  these  I  conceive  to 
be  abundantly  sufficient  to  enable  us  to  account  for  all  the  phenomena. 
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Tit  Qjfki  mJ  Rehtim  </  Bho^  m  'V  .S>frm.—  ZKt  Phima  aiui  <\tIt.~Gtntral  Pnptrtitii 
mH  Owyonrioa  of  the  lUood-—  Qfouiitif  in  itx  IMg. —  Cwv^uiiitim. — Uhod-rtJh. —  TXtfr  mm- 
iMWAnu.— 71W/>^«e(  CkiL—JIamatot:  iurnfiertifs.—Snmbrrf^Bhod-ntiii.—S'in*^ 
mm;  iU  CbwyDotw*,  tmd  IWiitfMMU  tjf  it*  inymliinWJ. — ASmmcjt,  f-'Uirin,  fat,  liW^or.— jUm- 
mi  ImgnStKU  t^lSt  CU&  anii  i'tattua  rttmfmimL — iuur*  nf  iKt,  iilauiL — dtomgt*  vetmiiy 
^iriag  Ar  nrrmlttiaii. — Hfnrrat  rmrrtiowi  oft/it  different  hffftdiaU  4^the  liiamt. —  /utrodiK- 
Jtai  y  Otjgm  Ay  Utt  OUt. — Tbt>  tnmtiaa  Ituratian. 

It  w  neoesMiy  for  the  functional  Activity  of  every  oi^ni7.ed  Iwing  that 
Ottn  shall  circulate  through  nil  parts  of  it  a  nutritive  litjoid.  In  plauts, 
il  15  tbr  Mp;  in  unimalts  the  blutxl. 

Since  tJie  liti;  uf  plants  niauifests  itself,  for  the  most  part,  iu  a  pttrely 
fotmatiTe  result,  and  involves  little  or  no  destruction  of  parts,  jIk  Mtmd:  lu 
the  Qrcalating  current  ]»  dc-votwl  almost  entirely  to  nulritioiL  fun<«i«>»- 
littt  in  animals,  irhuse  conditions  uf  existence  involve  extensive  and  un- 
onsing  destruction,  the  cnrrent  is  burdened  with  another  duly.  It  is 
also  the  means  of  n^oioviil  uf  dying  or  wasted  porlioits. 

In  the  6rat  chapter  it  vt&b  shown  tlmt  about  a  ton  and  a  hab' of  mate- 
lial  is  tcquired  by  a  man  ui  the  course  of  a  year,  and  that  iu  introdncUoo 
lU  same  period  a  hke  amount  is  removed  from  the  system.  *"^„'^"^i'*i^,J^ 
When  we  reflect  that  the  iutrodueiioii  and  removal  of  tliis  Mood. 
tramenfe  mass  is  accomplished  throup;li  the  agency  of  the  circuUiting 
blood,  it  is  ohvion?  ih&t  that  fluid  must  he  timicrgouig  the  moxt  rapid 
dunfcea.  The  rapidity  witli  wltteh  dying  matters  are  removed  is  strik- 
in^y  iUaetratcd  by  the  minute  extent  to  which  they  are  pcnnittcd  to  ac- 
cumulate in  a  healthy  state.  Tliesc  elements  of  decay  arc  strained  off 
or  exhaled  as  quickly  as  they  arise.  That  fancied  power,  the  "vis  raed- 
icstrix  natunr,"  is  only  an  ideal  expresftion  of  the  perfection  mith  which 
the  Mtrions  eliminating  medumisms  work.  Poisonous  agents,  whether 
they  have  been  inlroduced  from  without  or  have  originated  from  morbid 
actions  within,  tike  all  utlurr  nscdcits  or  noxious  products,  find  tlietr  prop- 
IT  ijauuinl  of  eseajte,  and  the  system  will  thus  rid  itself  of  intoxicating 
fiqaids  and  narcotic  drugit  if  their  quantity  does  not  exceed  the  amount 
that  it  can  destroy  or  crtcrctc  in  a  s|>ecia1  period  of  time. 

■iderHl  in  itB  relation  to  nutrition,  the  circulating  liquid  presents 

ay  interestiog  aspects.     Bach  of  the  thousand  variously-constituted 

of  tlie  body  is  withdrawing  the  sapplica  it  needs:  tlie  niu^cuhu.the 
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Interooanec-  oervous,  the  caitilaginouB,  the  Imny ;  and  hence  there  arises 
uon  of  all  piMii  ^  general  balance  in  the  system,  each  part  making  its  demand 
.■ircuiation.  at  a  certain  rate,  and  each  observing  a  complementary  ac- 
tion to  all  the  rest.  ]^Iany  of  those  phenomena  which,  in  the  infancy  of 
physiology,  were  regarded  as  instances  of  sympathy  between  different 
parts,  are  clearly  deijendent  on  these  conditions ;  for  the  development  of 
one  {)art,  by  abstracting  special  material  from  the  circulating  liquid,  pec^ 
mits  the  co-ordinate  development  of  another,  or  perhaps  puts  a  stop  to 
it.  The  minutest  portion  of  the  mechanism  is  thus  indiasolably  con- 
nected with  all  the  rest  through  the  medium  of  the  blood. 

Seen  as  it  circulates  in  the  vessels,  the  blood  consists  of  a  colorless 
ThepliBinft  liquid  containing  corpttscles.  In  man,  some  of  these  corpuscles 
udcciia.  arc  white  and  others  red.  To  the  liquid  in  which  they  float, 
the  designation  of  the  plasma  is  given ;  the  colored  corpuscles,  fix>m  their 
i-roperUes  of  shape,  are  called  discs  or  cells.  The  specific  gravity  of  the 
the  blood.  blood  varics  from  1.050  to  1.059,  tlie  variation  being,  to  a  con- 
siderable extent,  due  to  variations  in  the  quantity  of  the  cells.  The 
temperature  is  about  100°  Fahr.,  the  reaction  always  alkaline;  thoe  is 
also  a  fiiint  sickly  odor,  whicli  ditfers  in  different  animals.  The  capacity 
of  blood  for  heat  is  in  direct  proportion  to  its  density.  The  cells  give  to 
the  blood  its  tint  of  color,  and  this,  in  the  systemic  arteries,  is  crimson,  in 
the  veins,  deep  blue.  However,  the  color  of  arterial  blood  depends  con- 
siderably on  the  condition  of  respiration.  An  imperfect  introduction  of 
oxygen,  as  in  hot  climates,  causes  ttie  arterial  blood  to  assume  a  dark  color, 
and  the  same  is  observed  when  chloroform,  ether,  or  diluted  irrespirable 
gases  arc  breathed.  The  blood  of  the  male  sex  is  heavier  than  that  of 
the  female. 

Constitution  of  the  Bhod. 

Water 784.00 

Albiimcn 70.00 

Fibrin 2.20 

(Globulin 123.60 

\  Htt'iuKti'i 7.50 

Cholugterine 0.08 

Cerebrinc 0.40 

Scrolinc 0.03 

Oleic  and  mai^cnric  acid     >  'i 

Voliuilo  and  odorous  fntty  acid  >  0.60 

.  Fat  contnininf;  phospluinis  J 

>- Chloride  of  sodium 8,60 

Chloride  of  )>otaRsiuin 0.36 

Tribuaic  jihonphatc  of  sndu 0.20 

Carbonate  of  K)da 0.84 

Sulphate  of  Hoda 0.28 

Phosphates  of  lime  and  magncsiit 0.25 

Oxide  and  phosphate  of  iron 0.50 

Extract,  salivary  matter,  urea,  biliary  coloring  } 

matter,  »cci<knt«l  inbetancos  J 

1000.00 


Fats 


Salts 


QlIANTmr  OP   BLOOD. 

JSiotnUify  OpwpMJrra*  tj^  dried  Oi  ItkoJ. 

C«rton - - £10.60 

H;ritni)ri!n , 71.70 

Niuc^n .K. I „ IfiCTO 

Otvffpm » ^ .,„ 918.80 

juhu „.« „ *i.ao 

TliU  table  leads  tu  the  hjjjothclicitl  formula  of  tlic  ultimate  constita- 
tjoc  of  ljloi>tI  i 

As  to  the  qtumtitj  of  blood  in  the  circulation,  it  has  bwn  variously  r:B- 
fimstcd.  it  may  perhaps  be  taken  at  one  eighth  of  the  weight  q  .  ^ 
pTtJie  body,  a  number  which  is  agreed  upon  hy  floveral  autliors,  Uood  in  tb« 
and  in  support  of  which  Lehmann  mentions  the  foUo«-ing  in-  ■^' 
tuutling  ob»ervatioii :  '* My  friend,  E.  Weber,  detenuincd,  mlh  my  co- 
opoBtion,  the  weights  of  two  critniiialH  hcl'oTf.  mid  after  decapitation.  The 
qnaiititr  of  blood  wliirli  csca]ied  from  the  body  was  determined  in  the 
tbUoiring  manner:  Water  wiui  injected  into  the  vessels  of  the  trunk  and 
ImmI  nntil  the  fluid  escaping  from  the  veins  hud  only  a  pale  red  or  yd- 
lov  color.  The  quantity  of  blood  remaining  in  the  body  -was  then  calcu- 
laled  by  institiiiiiif;  n  ronijiariwn  l>en»cen  the  solid  residue  of  this  pale  red 
■queous  fluid  and  that  of  the  blood  which  lirst  escaped.  By  way  of  illtt»- 
tnbon,  I  snhjoin  the  lesults  yielded  by  one  of  the  experimentB.  The  living 
body  ofoiieuf  the  cjiminnlsweij^hed  GO,  140  grammes;  and  the  saniclK>dy, 
■Aer  the  decapitation,  54,000  grainmc^;  eoiiM>f|nently,  h!\M)  gmnimes  of 
Uood  had  wciywi.  28..'>6C>gmmmes  of  this  blood  yielded  fi.3€  grammes 
of  acilt<l  n«idHc;  WIS  grammes  of  sanguineous  water  collected  ofi'cr  the 
[RJBcHon  contained  ;1.724  grammes  of  solid  substances.  6050  gramme* 
of  (be  aiDguineoua  water  that  retnmcti  from  tlie  veins  were  ooUocled,  and 
tbtM  contatDcd  37.24  grammea  of  solid  residue,  which  corresponds  to 
1980grammea  of  blood:  con!<eqaaitly.  the  body  contained  7520gr8inme8 
of  Uood  (•0640  vacaping  in  the  act  of  decapitation,  and  19N0  remaining  in 
tltt  bod}') ;  hence  tJie  weight  of  the  whole  blood  was  lo  that  of  the  body 
Hariy  in  the  ratio  of  one  to  eight.  The  other  e:tperimenl  yielded  a  pre- 
riiely  Eirailar  result." 

A  »hort  time  after  it  has  been  drawn,  the  blood  undergoes  eoagnlation, 
and  I*  then  said  to  be  composed  of  the  i^CTum  and  the  oJol.   SinMitancoiu 
In  ihi*  state  it  is  Bometimes  spoken  of  as  dead.     Tho  plasma  ^Ji^^^j"* 
«f  liriiig  Ijlood  diflerB  Irom  the  serum  of  dead  in  containing  H«t. 
fibrin. 

The  copulation  of  the  blood  commence.^  within  about  ten  minutes 
•ftar  il  has  boeo  drawn,  and  the  clot  undergoes  a  subsequent  iix'tyiasuh. 
fifawbon  during  one  or  two  days.  To  understand  the  '*™  *'  ''•°**' 
fdlfiical  nature  of  this  singular  change,  wc  mav  convenieutlv  regard  the 
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living  blood  as  containing  three  leading  constituents — an  albatninons  liq- 
uid, tibrin  dissolved  therein,  and  the  cells.  The  coagulation  arises  from 
the  tendency  of  the  fibrin  particles  to  agglutinate  together.  As  this  takes 
place,  the  cells  are  caught  in  the  meshes  of  the  network  that  arises,  and 
a  voluminous  red  clot  is  the  result.  So  the  serum  of  dead  blood  con- 
tains no  fibrin,  and  differs  from  the  plasma  of  living  blood  in  that  impor- 
tant particular. 

It  has  been  observed  that  exposure  to  cold'Vetards  coagulation,  as  does 
likewise  the  absence  of  air,  or  covering  the  blood  over  with  a  film  of  oiL 
The  condition  of  rest  promotes  it,  as  also  does  the  presence  of  rough  or 
angular  bodies.  Blood  will  yield  up  its  fibrin  readily  when  stirred  with 
The  bntfy  &  stick.  When,  for  any  reason,  the  cells  sink  more  rapidly  than 
oMi-  nsual  from  the  surface  of  the  blood,  the  fibrin  of  the  eupematant 
portion  coagulates  alone,  giving  rise  to  a  stratum  free  from  the  red  color, 
and  designated  the  buffy  coat,  and  on  the  subsequent  contraction,  since 
there  are  no  cells  to  .hinder  the  fibrin,  its  parts  upon  this  stratum  are 
drawn  more  closely  together,  and  the  clot  becomes  cupped. 

By  those  who  accept  figurative  expressions  as  an  explanation  of  pfays- 
ExpiuiAtionof  iological  facts,  the  coagulation  of  the  blood  is  said  to  be  doe 
eoaeuUtion.  (q  \ig  death ;  some,  however,  have  regarded  it  as  an  abortive 
attempt  at  organization,  and  therefore  a  manifestation  of  life.  Such  ocm- 
tradictory  explanations  lose  much  of  th€ir  interest  when  we  examine  the 
facts'  of  the  case  critically.  I  believe  that  nothing  more  takes  place  in 
blood  which  has  been  drawn  into  a  cup  than  would  have  taken  place  had 
it  remained  in  the  body.  In  either  case  the  fibrin  would  have  equally 
coagulated.  The  entrapping  of  tlie  cells  is  a  mere  accident.  The  hourly 
demand  for  fibrin  amounts  to  62  grains ;  a  simple  arithmetical  calculation 
will  show  that  the  entire  mass  of  the  blood  would  be  exhausted  of  all 
the  fibrin  it  contains  in  about  four  hours,  so  tliat  the  solidification  of 
fibrin  must  be  taking  place  at  just  as  rapid  a  rate  in  the  system  as  af^ 
it  has  been  withdrawn.  No  clot  forms  in  the  blood-vessels,  because  the 
fibrin  is  picked  out  by  the  muscular  tissues  for  their  nourishment  as  &st 
as  it  is  presented,  nor  would  any  clot  form  in  a  cup  if  we  could  by  any 
means  remove  the  fibrin  granules  as  fast  as  they  solidified. 

That  blood-fibrin  differs  from  muscle-fibrin  in  certain  respects  is  to  be 
admitted,  but  it  does  not  follow  that  blood-fibrin  is  in  a  condition  of  nt- 
rograde  metamorphosis.  It  may  require  modification  before  it  can  be 
received  as  tlie  syntonin  of  muscles,  but  that  such  a  conversion  actually 
takes  place  I  think  there  can  be  no  doubt. 

In  entering  on  a  detailed  examination  of  the  constitution  and  func- 
tions of  the  blood,  our  attention  will  have  to  be  directed,  in  the  first 
place,  to  the  cells.  It  is  sufiicient  to  arrest  our  thoughts  at  once  when 
we  learn  tliat  for  every  beat  of  the  pulse  nearly  twenty  millions  of  these 
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uxgnfiUms  £c !     physiology  lias  its  passing  womlers  an  well  as  astron- 
omy. 

In  ibfi  life  of  man  there  arc  three  {leriadfi  diKtinguislHti)  from  mcU  other 
by  the  nature  or  stracture  of  the  blood-cetla.  Thoso  of  tlio  g^_-_j|. 
Got  pniod  originate  Rimiilrnncoiit«ly  with,  or  even  pR*vioufi|y  ncx*  ofblMxi- 
tt%,  the  heart.  Thoso  arc  somciimoa  designated  us  embryo 
ttOa,  uid  in  that  view  bear  the  flame  reJUtton  to  thoiw  of  the  fiecond  pe- 
riod ts  do  the  lymph  rorpuRcIes  to  thoae  of  the  third.  They  ore  color- 
!cM  Htid  sphtTical  cvllf,  eonliuiiing  granule-?  of  fatty  material,  and  liaving 
a  oentnl  uucleua.  These  are  ilevelopod,  by  a  process  of  internal  deli- 
quiWMico,  into  cells  of  the  second  period,  wliicli  have  acquired  o  red  coi- 
ur,aad  in  o^-iparous  verlebmtcs  an  elliptical  forai,  thotigU  in  man  the/ 
m  ciicalar.  They  are  Hat  or  disc-like  in  Bhapc,  Iiarc  a  diameter  of 
ibottt  ^j^n  of  an  inch,  with  a  r-entml  iitirh-u^  of  half  that  s\zv..  Some- 
linJcs  they  appear  to  undergo  mnlliplication  hy  division  nf  the  nurJeus. 

Tlieiw  oelU  of  the  second  period  are  replaccci  cy  those  of  the  third,  the 
tnnnilion  lioing  cl»!arly  connected  with  the  prodiirtioii  of  lympli  and  chyle 
corpnscles.     By  the  end  of  the  second  montli  of  fwtal  cxiBtenee  the  re- 
iJocemetit  is  complete,  and  the  class  of  cells  or  discs  that  has  now  arisen 
I  is  routinued  during  life.     The  mode  of  their  production,  according  to  31r. 
'  Paget,  is  this.     Tlie  chyle  or  lymph  cor|msele  loses  its  gntiiular  aspect, 
and  acquires  a  pnlc  red  eolor,  which  gratlually  deepens ;  the  corpuscle  be- 
comes smooth,  loses  its  spherical  form,  and,  condensing,  takes  on  a  con- 
vex Irniicular  sha])e,  and  eventually  a  "bi-coneavc.     While  this  change 
of  fttructorc  is  going  on.  the  speci6c  gravity  increases  through  the  con- 
rnsation,  and  the  development  closes  by  thespUerical,  white,  granular, 
lymph  coqiiiscle  l)ecoming  a  red,  bt-coacave,nou-nuclcated,circular,8maU, 
and  U'uvy  i>lood  disc. 

Tbe  ccU  of  the  firnt  jieriod  is  therefore  spherical,  wliite,  and  nucleated ; 
thai  of  the  second^  red,  disc-shaped,  and  nucleated  ;  that  of  the  third,  red, 
iiise>«Iuped,  bi-coneave,  and  non-imeUtated. 

The  primordial  cell  advances  in  development  to  different  points  in  djf- 
U  orders  of  living  b»^ings.     The  blood  of  invcrtebmtcd  iVt-piopment 
imahi  contains  coarse  granule  cells,  which  pass  forward  to  jl^iljlj^,'^ 
ooodition  of  the  liiie  granule  cvUs,  and  reach  the  utmost  aniM. 

they  are  there  to  attain  in  the  oolorlei^s  nucleated  cell  of  the 
of  man.  In  oWjHirous  vertcbratcd  animals  tlie  develo])menl 
IB  carried  a  step  farther,  the  red  nucleated  cell  arising,  and  in  them  it 
atopA  al  Uiis.  the  soctrnd  period.  In  niainmals  the  third  stage  is  reached 
in  the  red,  nou-nudealed  dise^  which  in  therefore  tiiti  mo^t  jierfn-t  form. 
I  Tliis  [ler^t  form  of  blood  cell,  as  it  occurs  in  man,  may  be  described 
a*  piTsenting  a  (laltened  shape  ;  the  bright  F\K>t,  which  is  sometiows  seen 
the  centre,  arising  Ijom  a  leinction  of  Ught  due  to  the  tbnn  of  tho 
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nt.1^ 


disc  and  not  to  a  nucleos.  The  sac  of  each  disc  is  elastic,  ao  that  it  can 
ProDerties  and  ^  swollen  by  water  until  it  becomes  convex  or  even  globn- 
liM  of  the  p«r-  lar,  or  by  immersion  in  thick  sirup  may  be  made  to  shrink, 
effects  arising  from  the  endosmotic  infiltration  or  exudation 
through  its  wall.  When  passing  through  the  fine  capillaries  in  the 
course  of  the  circulation,  the  cell,  by  reason  of  this  elasticity,  can  make 
its  way  through  veiy  difficult  passages,  extending  itself  into  a  cylindroid 
form,  or  by  bending,  but  it  recovers  its  oii^nal  shape  as  soon  as  relieved 
from  pressure.     The  average  diameter  of  the  cell  is  estimated  at  f^^  of 

an  inch,  the  extremes  being  ^g^  and  -j^inp. 
The  thickness  of  the  cell  is  about  i^j^^y  of 
an  inch.  The  cell  owes  its  color  to  luema- 
tin,  which  exists  in  its  interior  in  a  state  of 
solution,  and  associated  with  globulin. 

The  &ct8  mentioned  in  the  preceding  par- 
agraph are  illustrated  by  the  annexed  en- 
graved photographs.  J^iff.  42  represents  hu- 
man blood-cells.  Their  form  is  circular :  they 
have  a  c^itral  depression,  but  no  nudeos. 
J^iff.  43  represents  the  elliptic  nucleated 
blood-cells  of  the  frog,  with  here  and  then, 
Mg,  44  represents  the  endosmotic  action  of 


Hnmui  blood-ccIL)  magnlSed  COO  dluii< 
ctera. 


at  a  a,  chyle  corpuscles. 


KlUptle  blood-eeH*  of  frog  nugnlflcd  SOO  dluae- 

taim. 


AetioB  of  wftter  on  elliptle  mUl 


water  on  these  cells.  Fig.  45,  the  action  of  acetic  acid  in  daikening  or 
concentrating  the  nucleus.  In  Fig.  46  we  have  an  illustration  of  the 
size  and  appearance  of  the  blood-cell  in  a  reptile,  the  photograph  from 
which  this  figure  was  taken  having  been  made  under  the  same  magni- 
fying power  as  that  employed  in  obtaining  the  photograph  of  htiman 
blood. 
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I  at  bhUe  idil  «i  slnpdc  odti. 


BapUl*  bloed^alU  tutgnin^a  ua  4l*mvUrt, 


The  Diammiils  in  winch  the  blood  corpuscles  are  not  round,  but  ellip- 
tio  •nU  bi-coiivex,  are  the  auucl,  the  dromedary,  and  the  llama.  In 
bbda  and  amjihihia  tlicy  an;  oval.  The  diflerAncA  in  tho  flhn|ic  and  size 
of  these  celU  is  of  tlie  more  imporlanoc,  since  obeeiTations  andmeasiue- 
raenU  by  the  microBcope  may  lead  ub  to  a  correct  reference  of  •  sample 
of  blond  to  itii  nrii^i  when  rhenilcal  unalvsis  would  afford  nit  no  n.i«iM- 
■nnt  II  is  not  to  be  forgottrn,  hoTTcvcr.  that  both  in  M7-0  and  Corm  0 
blood-oeJl  undergoes  changes  according  to  unequal  pressures  Vsriati  of 
cxerte*!  upon  it,  or  to  the  physiad  circunislancos  under  which  tlMfbnn«f 
it  ts  placed,  liqnid  readily  tinding  iltt  way  into  its  interior  or 
fixadtttf;  iherefrotn  according  to  the  laws  of  endosmoaiB,  the  clastic  ear 
^afettiy  accommodating  itwdf  to  these  changes.  As  a  consequence  of 
these  modifieattnns,  there  will,  of  course^  follow  variations  of  fl[>ec.ilic  grav- 
hi  the  cell,  differences  in  iLi  Ipjidency  to  irink  in  the  plasma  which 
und?  it,  and  idso  diffcrmccs  in  its  tint  of  color. 
Mr.  Wharton  Jones,  the  colored  blood-disc  of  the  mammalian  is 
rtfardvU  aa  being  homologous  with  the  nnclens  of  the  color-  „  utaaA. 
iotgi  eorptwde  of  the  same  blood,  and  it  m.iy  therefore  be  «lUc  b  a  cdbD- 
vpokcn  of  aa  a  free  ccUa?forai  nncleus,  the  cell  itself  having  '•'™  """^""^ 
tl«liiivMoe<l  orlwcomc  disintegrated,  and  the  nuclcns,  filled  wilh  globulin 
and  ci^oring  matter,  remaining. 

The  cell  wall  of  the  blood-cellB  is  gcncmllj  admitted  to  be  fibrin,  or 

Mcne  Bujiatancc  allied  thereto  :  but  there  has  hwn  much  dif-  jj„„„  ^r  the 

Jerence  of  opinion  respecting  the  constitntion  of  the  nucleoa  ou  trdu  »n>i 

^Si  tkcne  cells  which  possess  it.     By  some,  this  also  has  been  **    '^ 

^napuded  as  fibrin ;  by  others,  as  fat ;  and  by  others,  an  a  epocioH  of  horn. 

to  which  the  designation  of  nucleine  iias  been  given. 

The  cell  wall  of  tlic  white  corpuscrtcs  does  not  np]}cnr  to  be  ela8ti& 
It  ti  viacid,  and  benoe  these  bodies  tend  to  agglutinate  with  one  another: 
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in  aspect  H  is  granular.     The  contents  appear  to  be  an  albmninoos  so- 
lution, in  which  fine  granules  are  suspended. 

Though  we  have  described  the  mesenteric  glands  as  the  original  place 
of  formation  of  the  blood-cells,  it  is  to  be  understood  that 
these  become  perfected  in  the  circulation  of  the  blood ;  and 
firom  what  will  be  said  respecting  the  function  of  the  liver,  it  may  be  in- 
ferred that  that. gland  is  the  seat  of  a  most  important  change:  thoc 
probably  they  receive  their  iron.  That  no  special  organ  is  exclusively 
charged  with  the  duty  of  forming  them  appears  from  this,  that  the  first 
form  of  blood-cells  arises  in  the  germinal  area  of  the  embryo  when  there 
is,  as  yet,  no  gland. 

Ompontion  ^  Blood-ee3M. 

Water 668.00 

Hsmatin  (including  iron) , 16.76 

Globulin  and  cell  membrane 262.22 

Fat 2.81 

E:xtractiTe 2.G0 

Sdineral  substances 8.12 

'iooo.oo 

Leaving  the  water  out  of  consideration,  the  predominating  ingredients 
of  blood-cells  are  therefore  globulin  and  hsematin.  The  former  is  a  sub- 
Stance  approaching,  in  properties,  to  casein,  or  perhaps  intermediate  be- 
tween casein  and  albumen.  Its  constituents,  as  determined  by  an  ulti- 
mate analysis,  are  the  same  as  in  the  case  of  those  bodies. 

Hajmatin  is  distinguished  by  its  red  color.  When  isolated,  it  exhibits 
Changes  of  col-  *^®  changes  of  tint  characteristic  of  arterialization  in  a  doubt- 
or  depending  ful  manner.  There  are,  however,  many  facts  which  lead  to 
thefonnofthe  ^^^  Supposition  that  tlie  color  of  arterial  and  venous  blood 
cells.  does  not  depend  so  much  on  a  chemical  change  in  the  hsema'- 

tin  as  on  an  alteration  of  the  figure  of  the  discs. 

The  constitution  of  hcematin  is  C^,  H^,  N^,  Og,  Fc.  It  exists  under 
Properties  of  two  forms,  soluUe  and  coagulated.  It  has  hitherto  been  stud- 
hnmaUn.  ^g^  Only  in  the  latter  state,  and  is  soluble  in  weak  alcohol 
acidulated  with  sulphuric  or  hydrochloric  acid,  but  not  in  water.  Its 
solution  is  therefore  precipitated  by  the  addition  of  that  liquid.  In  weak 
solutions  of  alkalies  it  readily  dissolves.  Formerly  its  cliaracteristic  red 
color  was  irttributed  to  the  iron  it  contains,  but  that  metal  may  be  en- 
tirely removed  from  it  without  changing  its  tint.  The  amount  of  iron  it 
yields  is  about  seven  per  cent. 

Ha^matin  occurs  in  the  blood-cells  associated  with  globulin,  and  would 
seem  to  owe  its  ori^n  to  the  action  of  the  wall  of  the  oell^  if  it  be  true 
that  the  red  cells  originate  from  the  white  ones.  In  this  formation  of 
hsematin  there  are  several  reasons  which  lead  us  to  infer  that  fat  takes 
an  essential  share. 
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Uttimat*  AnakftU  <J  Ifamalia. 

Caitooo 6M.4T 

IIji]n>i!Qn ..., „......,..._. «>•..»■•'•••    A4.IS 

Nilr^v-vn - « 10fi.9S 

Uxy^a „ i  11«.«1 

Ifwi ~ «9.«1 

Kno.iw 

The  remarkable  fi-aliirc  in  the  coinposilioit  of  this  Iwily  rs  the  lorgc 
ipmtity  of  iron  tt  contains.  Tlic  percentage  amount  of  this  iroQintba 
mcui  in  ihe  blood  of  the  fa-tus  ia  much  grcator  than  in  that  of  ''*'*■ 
iha  motlior.  After  Lirth  the  proportion  dcclincA,  but  it  rises  again  at 
faberty.  Tlie»e  variations  in  tlie  amount  of  the  iron  are,  however,  de- 
peadmi  ou  corresponding  variations  in  the  amount  of  cells. 

The  importance  of  the  remark,  ivheii  we  arrive  at  the  study  of  the 
klo,  jostiltes  as  in  rv|)caling  that  the  iron  of  tbo  blood  belongs  to  the 
ticraatin  of  the  cells,  its  percentage  proportion  varying  with  tiieir  condi- 
licHL  and  also  with  the  region  of  the  circulation  from  which  they  have 
km  drawn.  As  dm%'ed  from  Qiffcrcnt  animal.^  the  uUls  present  ditlov 
eat  rjnantitics  of  tliin  metal.  Thu»  Schmidt  found  tn  100  ports  of  dry 
Uood-«ellfl  in  man,  0.-1348 ;  in  the  ox,  0.009 ;  in  the  pig,  0.44S ;  and  in 
tbe  hen,  0..S20. 

The  crk'sf^line  BuUstance  of  blood  occurs  under  three  different  fonns, 
in  prisms,  Ictmhedra,  and  hexagonal  tablets.     In  the  pris-  ^^^  ^j^^ 
nalic  form  it  in  deiived  fi-om  human  blood,  that  of  tiahcs,  cutMUKMsf 
of  some  maiumoU ;  in  tlie  tetrahodml  form  it  is  obtained 

fiom  (Juineiupiga,  rats,  and  miec;  in  the  hexoponal  form,  from  sqnir- 
ids.  Blood-<rr>HtaIs  arc  of  a  red  color,  without  amcU  or  taete,  losing 
Ibdr  water  of  rryatallizalion  under  exposure  to  the  air.  the  different  forms 
{insenting;  different  rates  of  solubihty ;    the  tctralicdral  being  soluble 
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tlw  former  case  lieing  pinkish,  tliat 
of  the  Utter,  dork  red.  They  air 
aisg  dUsolvfd  liv  ucviio  aciil,  tlif  red 
piuRsiatc  ot'  {wUsh  prodncin;;  a  pre- 
cipitate thfiretrotm  as  in  the  caao  of 
other  protein  bodi&ii.  Chloriiu!  At- 
colonzes  their  aolutionft  and  ^vea  a 
whili"-  6akv  prec-i|Mtatc-  The  cryfr* 
tals,  when  heated,  swell,  yield  on 
odor  Like  burnt  lioni,  and,  after  com- 
iHifition,  leave  ^  (<tnnll  quantity  of 
ash.  From  the  dilBcitlly  of  obtain- 
ing bloodnrrystab  in  a  state  of  parity,  their  conatitatiou  ia  not  known 
with  absolute  certainty.  The  ash  which  they  yield  cnnsista  of  about  7 
per  cent,  of  oxide  of  iron,  and  21  |vr  cent,  of  pliofiphoric  ncid,  the  protdqi 
constituent  lieing  ajiparently  identical  with  other  protein  bodies. 
Uffda  ef Ob-  crystaU  may  be  obtained  for  exainuiation  by  covering  a  mi- 
taining  blood-  nute  droji  of  blood  with  a  glasd  slide,  and,  after  adding  watfc, 
^  alcDbol,  or  ether,  to  permit  a  gratlual  evaporation  to  ensofc 

The  araonnt  thus  produced  dp)>rnd«  very  much  upon  thn  presence  of  lightt 
tliiiM  l^thmann  found  that  while  lie  could  only  obtain  two  per  wnt.  of 
crvAtaU  from  the  bloo<l  of  tlio  Guinea-pig  in  the  dark,  lie  could  obtain 
moTv  than  seven  per  cent,  in  the  sunlight. 

Lelimami  believes  that  the  crii-atalline  substance  ia  not  a  mixture 
pigment  and  a  protein  body,  but  a  pure  clicuilcal  conijwiuid,  having  eii 
a  Sail-like  or  conjugated  constitution. 

The  color  of  the  blood,  as  dependent  upon  the  tint  of  its  cella,  ia^ 
Color  of  i>]iN»i-  cording  to  tJie  views  of  llcide,  eoniitvlcd  to  a  eonsidrmUe 

pmIj  .m^Lbdr  '^^S'**  *''**  ^'^  *^""  °^  ^''O^*'  Organisms  as  ihey  vary  from  a 
rorm.  concave  to  a  convex  surface,  and  not  with  the  state  of  the 

ba^matin.     Wlicn  they  are  more  concave  tlicy  arc  of  a  crimson,  when 
of  a  more  convex,  of  a  darker  hue.     Aloreovcr,  during  these  varialioncB 
thoir  investing  menihranc  must  necessarily  change  in  thickness,  aud  this 
likewise  must  alter  their  mode  of  transmitting  light. 

Among  the  causes  wliich  can  impress  a  change  on  the  Hgitrc  of  the 
blood-cells  ouglit  particularly  to  be  spccitied  ex|K>suro  to  oxygen  and 
carbonic  acid  respectively,  the  latter  causing  them  to  become  more  opagna^ 
in  their  centre,  b-oader  upon  Iheir  edge,  the  cell  distending;  an  opposi(^| 
elbct  ensuing  under  exposure  to  the  former.  In  the  ease  of  tlie  blood- 
cells  of  froga  cspo-ocd  to  oxygen,  the  long  and  short  diameters  both  di- 
minish, and  the  wall  becomes  granular;  after  exposure  to  carbonic  acid 
they  increase,  the  wall  becoming  i)ellucid. 
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Com ritatcd  thus  of  an  cliislic  sac  filled  wilb  gloliultii  and  hipmatiii,  llip 
QcIU  rioat  in  the  plasma.  They  nm  Doumbcd  at  itA  (>xpcnjtc,  and  whon 
{hxy  die,  dcjiver  np  tlu-ir  contends  bv  dcIIqnf>.<iocncc  to  it.  A4'coni|Mn}r- 
iitg  thcnt  arc  the  white  corpnscles,  from  which  nen-  generations  are  to 
iriio.  It  is  usaally  MaluJ  that  for  ever}-  50  red  dificn  lliere  TluiwUic 
a  one  white  corpuscle.  They  may  be  readily  diMovcred  diii^  <»n-">«l»- 
ing  tiw  eircaUtion  by  the  iaicroM;o|>e,  iiuuiy  of  tliein  occupyii^  tho  cjcbv 
nor  of  tlic  ciim-jiU  a»  though  ihey  hud  u  K|H!cnuI  n-lutioii  to  tlie  soft  tis- 
SKR.  Tt  may  perhnpa  he  erronoona  to  regard  tlieae  large  whito  corpitft- 
<^  u  the  embryos  of  tlic  red  discs.  Iteasona  could  be  o&signed  in  anp- 
of  tiie  doctrine  that  the  same  primitive  f^enn  going  onwardto  dcrcl- 
it  may,  at  a  certain  point,  divc-rgc  in  two  directti)n.<( :  if  it  passes 
tbot^h  one,  it  trill  [WTle<^t  iti^clf  as  a  white  cell ;  if  tlirough  tlie  otiicr,  as  a 
nd  dUc. 

The  pnijiortioiial  nitniher  of  ttlood  eijqiUKehvi  in  difienrnt  animala  va- 
nes ounsideratiJy.  Uenend^y  cohl-Uouded  inanimals  pr«Hf;nt  Nnmbrrof mD* 
fcwET  than  wann-hlooded  one*  birds  having  nioi-e  than  quad-  |||n^^,  ^^j. 
npeda,  md  among  these  the  caniivora  more  than  the  hrrbiv-  ibaU. 
nm.  iW  dtflcrent  domestic  aniinala,  tlie  pig,  the  dog,  the  ox,  the  boriK, 
tlir  cal.  tlic  nheep,  t}>o  gOAt,  poanesA  them  in  the  nrdf*r  in  which  their 
iiuiM«  Iwive  been  mcntionwl,  the  goat  having  only  S(>  to  I4.'»  in  tlic  pig. 
Their  proportional  narabcr  also  variea  in  different  regions  of  the  circola- 
tboi  tittL*!  it  i«  Eaiil  that  arterial  blood  contains  fe^ver  Uuin  rennns.  the 
,<|Dit«l  blooU  fewer  than  tho  jugular,  the  hepatic  more  than  the  portaL  U 
»  not,  however,  to  be  oTCclooked,  that  in  all  tln'Me.  dcterrninationii  the 
I  qouility  of  water  which  clianreH  to  hi:  present  rjmtrolH  the  eatimatc^i,  and 
diat  theict'orc.  aa  thua  otfural,  they  are  really  of  leas  iDtcrcst  than  might 
u  first  ai^t  be  supposed. 

^^\•  hnvt  next  lo  «pcak  of  the  jilasma.      It  may  Im3  dnjicrilie<l  as  a  clear 
I  tod  jdigbtly  yellowish  colored  fluid,  consisting,  an  all  animal  comiMMidoa 
juices  lio,  for  the  most  part  of  tvater,  holding  in  suspension  or  "'  P^'-o^ 
I  Dilation  atbunien.  fibrin,  lats.  and  various  uiuerai  bodies,  as  the  follow- 
Ijsis  shows. 

Pnximaie  CW^NvMrn  ^AtPlaima. 

Water ...._......»». »»..».^.._ _ 901.90 

Aflwman „.....,..^„...„ 7834 

Fibrin 4.0fi 

ral I.7« 

EioaeUv« A.„..      S.d( 

idiovnl  mimumxm SJit 

lOUUW 

Of  tlie  wntrr  it  may  he  remarlcrd,  that  tho  nsnal  percent-  ^,^.,^^^4 
■1^  estintalc  maile  of  its  qiiantitv,  as  regards  the  entire  Wood,  ■■l«>i«  Mond: 
Lftom  700  to  790  parts  in  1 000.     Within  theae  Umits  it  is  "*  "•"•'*"•" 
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liable  to  rapid  variations,  as  dependent  on  the  condition  of  thirst  or  die 
recent  indulgence  in  drinks.  It  does  not  increase  in  proportion  to  tfai 
amount  which  has  been  imbibed,  for  the  Malpighian  bodies  of  the  kidney, 
as  will  hereafter  appear,  strain  it  off  with  great  rapidity.  When  tbi 
blood-vessels  arc  distended  to  a  certain  d^ree,  they  refuse  an  entrance  tc 
it.  The  necessity  of  these  provisions  arises  from  the  fact  that  there  is  a 
certain  state  of  viscidity  which  the  blood  must  possess  for  its  proper  cir 
culation. 

Respecting  variations  in  the  amount  of  water  in  the  blood,  it  may  b( 
stated  that  that  of  women  contains  more  water  than  that  of  men.  Amoi^ 
different'animals,  the  serum  of  the  amphibia  contains  the  largest  quantity ; 
and  among  mammals,  that  of  the  herbivora  more  than  that  of  the  car 
nivora.  Obtained  from  difierent  vessels,  the  arterial  has  more  than 
venous  blood,  but  the  serum  of  the  portal  vein  contains  more  than  that 
of  any  other  vein,  the  proportion  depending  on  the  amount  and  time  ci 
the  ingestion  of  water. 

The  albumen  varies  in  quantity  from  60  to  70  in  1000.  It  is  prob- 
v«ri«tions  in  "^^y  *ssociatcd  or  Combined  with  soda.  It  exists  in  llu 
qnantitr  of  ai-  blood  of  the  splenic  and  hepatic  veins  as  the  neutral  albumi- 
"'^''^'^  natc  of  soda.     It  does  not  appear  to  contain  any  phosphraus, 

as  was  at  one  time  supposed.  It  is  the  plastic  material  from  which  all 
the  soft  tissues  are  nourished,  and  by  it  the  cells  themselves  grow. 
Fibrin  arises  from  it  in  the  blood  in  the  same  manner  aa  it  does  during 
the  incubation  of  an  e^;  every  care  is  taken  to  economize  it  in  the  ay» 
tem,  and  it  is  never  excreted  except  in  disease. 

The  quantity  of  albumen  is  greater  in  venous  than  in  arterial  blood, 
the  proportion  increasing  during  digestion.  It  also  presents  variation! 
in  different  states  of  disease.  Its  condition  varies  in  various  parts  of  thf 
circulation,  a  circumstance,  to  a  considerable  extent,  due  to  the  nature  of 
the  salts,  or  to  the  quantities  of  alkali  with  which  it  is  associated. 

The  fibrin  is  usually  estimated  at  2  or  3  parts  in  1000  of  blood.     li 

V«ri«tions  in  "^^^  ^"^^  *^  ^'^^  *^  ^»  °^  '"'^^  ^  ^'E^  ***  ^^*  There  is  a  con- 
the  quantity  of  stant  drain  upon  it  for  the  nutrition  of  the  muscular  tissues ; 
and  since  it  originates  in  the  action  of  oxygen  upon  allm- 
men,  we  should  expect,  as  is  really  the  case,  that  arterial  blood  would  Ix 
richer  in  it  than  venous.  The  portal  blood  contains  it  in  minimum  quan- 
tity. Its  percentage  rises  if  oxygen  be  inhaled,  or  the  respiratory  pro- 
cess be  quickened ;  for  similar  reasons,  it  uniformly  increases  in  acutf 
inflammations.  The  ultimate  analyses  of  fibrin  seem  to  show  that  it  con- 
tains more  oxygen  than  albumen,  and  this  corresponds  with  its  mode  of 
origin.  It  is  an  important  practical  observation,  that  though  it  is  easy 
to  regulate  the  quantity  of  ceUs  by  variations,  of  diet,  the  amount  of 
(ihnn  can  not  so  readily  be  changed  in  that  manner,  nor  its  development 
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cbeckcd  by  venesection.     Tbete  is  less  f\hr'in  in  the  blood  of  the  caroir- 
tva.  than  Jn  that  of  t))c  hcrbivora. 

It  lias  been  asserted,  ns  was  mentioned  before,  lliat  there  is  so  wide  a 
itiffcrence  between  tlie  fibrin  of  blood  and  muscular  fibre,  RUuii««iii». 
thAt  we  can  no  longer  regard  tlic  latter  as  arising  from  the  i"s«'»«''i"''<^7- 
fanner,  but  must  consider  it  merely  as  coagulated  albumen ;  and  that, 
nioe  tbc  action  of  acetic  uciU  upon  it  shows  its  relutioti  to  gelatine,  it  !■ 
pvbdbly  more  nearly  nJatrd  to  the  libro-gclatiiioius  than  to  the  ccllulo- 
ilbiiminoiis  tissues.  Hul,  nithougli  the  faet  tbit  tibriii  contains  more 
oxygon  than  albumen  secma  to  lend  weight  to  such  views,  nincc  oxido^ 
&m  AppertJkins  to  the  retrograde  raihcr  than  to  the  ascending  metamor- 
pkoais,  there  arc  ao  many  arguments  in  favor  of  the  old  doctrine,  that 
I  think  it  may  U^  regarded  as  thug  far  unshaken.  Moreover,  it  ia  now 
eiUbUsbed  beyond  any  doubt,  that  bv  uinale  of  iJOtash,  and  other  salts, 
ttlin  may  be  truni^nnitCfl  into  n  nnbslancH:  uimlugi^uri  to  albumen. 

'be  fats  vary  very  much  in  quantity  at  different  times.     The  amount 
ily  sUted  at  from  I.-l  to  3.:j  in  W)0  of  blood.      After  a  mt-ul  the 
ni«y  be  actually  milky,  through   the   fat  globules  VMiMiooala 
il  in  by  the  chyle-     AVc  have  already  shown  tliat  the  quwitity  rf 
li  will  frivo  origin  to  fat,  and  oily  Huhstanr-es  can  be  ob- 
budcd  fn^m  lactic  acid  itself.     Tlie  nirrogenizcd  bodies,  during  their  de- 
rinKtiDB,  likewiM  yield  them,  and  it  is  a  uormal  function  of  tlic  liver  to 
Um  production  of  fat. 
acnun  contains  oidy  an  iilatgiiificant  quantity  of  free  fat;  bnt 
[here  ia  a  large  pru|Kinton  of  saponified  fat  in  it,  as  weU  as  tlic  hpoida 
clwloaieruip  and  serohn. 

The  view  heretofore  taken,  that  this  class  of  subfitances  i.i  not  liisto- 
gennlic,  but  only  respiratory,  requires  to  be  modified.  Tliero  uiMortbcbtt 
il  maoo  to  believe  that  the  blood-celts  thcmsolvea  con  not  o"''«*l- 
fan  fanned  except  in  presence  of  oiL  which  is  alan  necessary  to  enable  ni- 
Oogettixcd  bodies  to  assume  tlio  fcnncnt  action.  TIkj  nuclei  of  ttdts  con- 
tain fats,  as  do  also  ombr}'onic  s(mclun.^s  generally.  Choleslerine,  or 
Uwo'&t,  is  not  saponifiablc.  It  sjipiars  as  a  product  of  disintetj^ation, 
iasoMtng  in  f|itantity  during  acute  diseases.  The  prn|>ortion  of  tliia  sub- 
•tukce  incressea  after  40  years ;  it  also  forma  a  principal  ingredient  in 
luliary  concretions. 

Among  the  i*]>ecial  constituents  of  certain  portions  of  the  venous  blood 
not  mentioned  in  the  preceding  tables,  we  ought  not  to  ovcr- 
K^sr,  which  exists  as  a  constant  ingredient  of  tlie  blood 
Lod  in  that  part  of  the  circulation  inter\'cning  between  the  liver  and 
This,  which  is  known  as  liver-sugar,  may  have  originated  in 
lamntation  of  cano^upar,  or  from  the  mrtaraor^ihosis  of  the  mus- 
It  is  to  be  remarked  that  the  blood  contains  no  gcUlioe. 
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CompyUon  of       To  the  mineral  substances  in  the  cells  and  pUunna  of  ihe 

constituents  of  blood  respectively,  attention  should  be  particalarlj  directed, 

tba  ceiu  And     gince  they  indicate  the  functions  of  these  porti<mB. 
piunu.  ^  ^ 

Maeral  ConstUvaU  in  1000  riarta  of  the  Blood. 


U«llB. 

Planu. 

1.686 
0.066 
1.1S4 
3.328 
1.062 
0.667 
0.1  U 
0.078 

3.644 
0.116 
0.191 
0.323 
8.S41 
0.403 
0.3U 
0.S2S 

8.120 

8.S50 

The  amount  of  inorganic  matter  in  the  cells  and  plasma,  respectiTely, 
of  1000  parts  of  blood  being  nearly  the  same,  the  table  shows  that  thm 
is  more  than  twice  as  much  chlorine,  and  more  than  three  times  as  much 
sodium  in  the  plasma  as  in  the  cells.  It  may  thence  be  inferred  that  the 
chloride  of  sodium  is,  for  the  most  part,  in  the  plasma.  Moreover,  there 
is  six  times  as  mucli  phosphorus,  and  more  than  ten  times  as  much  po- 
tassium,  in  the  cells  as  in  the  plasma ;  and  therefore  it  may  be  inferred, 
since  potash  is  required  to  so  great  an  extent  in  the  nutrition  of  the  ma»- 
cular  system,  and  phosphorus  as  an  clement  of  the  phosphorized  oils  in 
the  nervous,  that  the  cells  have  a  direct  functional  relation  to  those  im- 
portant mechanisms,  and  this  in  addition  to  their  duty  of  introducing 
oxygen. 

The  mineral  constituents  of  the  blood  discharge  very  different  duties, 
Ponctioni  of  some,  either  directly  or  indirectly,  acting  functionally,  others 
wLTituelltoof  ^  histogenetic  bodies.  Thus  the  alkaline  properties  of  the 
the  blood.  blood  are  due  to  the  presence  of  the  carbonate  and  phosphate 
of  soda,  and  this  latter  substance  enables  the  serum  to  hold  in  soluti<Hi 
carbonic  acid,  and  thus  it  maintains  a  relation  in  the  respiratoiy  opera- 
tion. But  the  phosphate  of  lime  discharges  a  true  histogenetic  function, 
since  upon  it  the  bony  system  depends  for  its  nutrition.  The  mutual 
relations  of  these  substances  are,  of  course,  very  complex,  though  often 
of  importance.  Thus,  of  the  two  just  mentioned,  the  phosphate  of  soda 
enables  the  serum  to  hold  the  phosphate  of  lime  in  solution. 

The  tawny  coloring  matter  of  serum  differs  from  cholepyrrhin  in  not 
Coloring  mat-  yielding  the  characteristic  reaction  of  that  body.  The  tint 
ter  of  Mrura.  gometimes  becomes  quite  deep,  owing  to  several  different 
causes,  such  as  the  undue  accumulation  of  the  coloring  matter  of  urine, 
through  disturbance  of  renal  action,  or  from  bile  pigment,  as  in  icterus. 

The  gases  which  can  be  diseng^ed  from  the  blood  occur  in  the  cells, 
according  to  Uagnus,  a  statement  which,  however,  is  very  far  from  being 
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mbatantifltefl :  they  arc  cnrbonic  acid,  oxygen,  and  nitmgcn.  o**Martb* 
Be  found  thAi  tln»  li<|uid  can  absorlj  om-c  and  a  half  its  vol-  ''•'*^- 
tune  of  carbonic  acid,  and  (luit  in  arteri»l  blood  the  proportion  of  that 
uid  to  oxygen  is  as  10  to  B,  in  venous  as  IG  to  4.  That  the  oxygioa 
i>  Toy  loDiTnly  retained  iit  i^liown  by  tlic  circuuifttancc  timt  it  may  for 
tbe  most  part  hv  ir^inoved  hy  ex|Mmnre  tii  a  viuniiun.  The  other  gutws 
nay  be  withdrawn  by  a  stream  of  hydrogini. 

At  a  tcmpcratiiTO  of  98",  ivafer  absorbs  acarcely  one  per  cent  of  its 
volomo  of  oxygrii  ga-s  but  the  blood  cmx  take  up  trom  10  to  13  times  as 
inich.  Tills  is  accomplished  by  the  coloring  material.  Th«  amount  is 
isdependcnt  of  vartatiotis  in  the  pr«»sure  of  the  air,  which  would  not  be 
die  case  if  the  gaH  wenr  n-ucivvd  into  the  circidatuig  tiuid  by  mer«  solu* 
tion.  This  is  the  opinion  of  Licbig.  by  whom  it  is  regarded  as  being  to 
Bomr  f  Kti'iil  atibslantiatt^d  by  the  fact  that  tbe  respimtion  is  acconipHBlied 
rith  nwirly  the  samo  rpsnlt,  bo  far  ns  the  absorption  of  oxygen  is  con- 
ttTDnl^  al  considerable  heights  atravc  and  at  tlir  level  of  the  sea,  and  that 
bmorr-  oxygen  is  «x*eived  from  an  atmosphere  very  rlelt  in  that  gas 
from  iIm:  orduiftry  air.  However  ojrrect  thia  view  may  >»e,  the  facts 
cited  in  its  8upp<»1  are  very  far  from  Uiing  undeniable. 

The  prrccding  cbeniicai  examination  of  tbe  special  constituents  of  the 
Uood  leads  us  next  to  consider  tlie  general  functions  of  this  litjutd  in  the 
iggregate. 

In  this  gcnrml  srnse,  the  blood  discharges  the  following  offices.     Its 
■IbiiftM^i  baa  thn  duty  of  giving  origin  to  all  the  plastic  ti»-  ..    ^   ,  ,  , 
laes  of  the  system.     From  it,  for  example,  by  cell  action,  as  tn^tii  vi  ih* 
in  treating  of  lactcul  absorption,  fibrin  ariaes —  ihe'^iiiiftMnt 
t.'Which  is  umnl  for  the  ri'uovation  ajid  repair  of  tlK"!  mas-  «»n»ilu»eRU<rf 
cnlar  tissues.     Tbe  disc."*  have  ii  relation  with  the  function  of 
rasfiaration ;  they  obtain  oxygen  in  the  pulmonary  circulution,  and  cany 
fttliroagh  the  syBtem.     They  contrilmtc,  moreover,  to  the  development 
tf  mwcnlar  tibre,  and  aiao  ner\0UH  malerial,  and  this  not  alone  as  rt^ards 
the  coloring  matter  of  tho#e  tissues.     Tbe  fats  arc  necessary  in  tlic  pro- 
b'on  of  tihrin  and  for  the  nuclei  of  cells;  but,  W«idcs  these  histoge- 
rrlationa,  they  eventually,  with  the  exception  of  liver-fat,  undei^ 
oxidation,  and  ho  minister  lo  the  support  of  a  high  temperature.     (>f  the 
Mtiae  Babstancea,  common  salt  promoiee  digestion  by  aiding  in  the  prvp- 
of  gastric  and  pancmLtic  juio's:  the  phosphate  of  noda  enables 
^phatna  to  hold  carlmnic  acid  in  solution,  and  carry  it  to  the  lungs. 
is  interesting  to  oliscrve  the  limits  of  variation  which  the  binod  mav 
It  in  dLiturbed  or  diecawid  eondiiiona.     In  inflflramatiuns,  the  tibrin 
my  incniK  fbtufold;  in  typhoid  fevers  it  may  diminifih  to  less  than 
Mke  lialC  and  fr^m   these  variations  special  results   may  arise.      Thus 
diminution  of  its  fibrin  disposes  the  blood  to  preternatural  ooziug  or  &- 
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dlity  of  escape.  So  also  the  cells  have  been  known,  in  cbscs  of  chloio- 
bIs,  to  sink  to  one  fifth  of  the  healthy  amount.  The  alboment  too,  ex- 
hibits like  variations.  In.  Blight's  disease  it  greatly  diminisbea,  mncb 
of  it  escaping  in  the  urine  by  the  straining  action  of  the  kidneys. 

Thus  constitatcd,  the  blood,  by  a  mechanism  to  be  described  in  the 
^,.  next  chapter,  passes  from  the  heart  alternately  to  all  puts 

ringdnringthe  of  the  system,  and  alternately  to  the  cells  of  the  lungs,  gir- 
drcuUuon.  ^^  ^^^  j.^  what  have  been  termed  the  greater  and  leas  cir- 
colation,  or  the  systemic  and  the  pulmonary.  In  the  systemic  circal»- 
tion,  the  blood,  which  leaves  the  heart  in  an  arterialized  condition,  or  tm- 
Bociated  with  atmospheric  oxygen,  gives  up  that  element  to  the  vaxunu 
tissues  as  it  pervades  them,  and  accomplishes  a  double  result :  the  x^ 
moval  of  all  those  particles  which,  having  discharged  their  duty  and  on- 
deigone  partial  or  perfect  interstitial  death,  aie  ready  to  pass  away,  and 
also  the  liberation  of  a  great  amount  of  heat  by  the  destructive  oxidation ; 
BO,  at  the  same  time,  the  wasted  matter  is  removed  and 'advantage  taken 
of  it  to  raise  the  temperature  of  the  body.  This  done,  the  blood  nukes 
its  way  back  to  the  heart,  following  the  channel  of  the  veins  as  they  bod* 
cessively  converge  into  trunks  that  are  larger  and  lai^er.  At  the  mo- 
ment of  surrendering  its  oxygen  and  receiving  the  various  products  c^ 
combustion,  a  change  of  color  occurs.  The  bright  crimson  turns  to  a 
deep  blue,  and  the  blood  presents  itself  of  that  color  at  the  heart. 

It  now  undergoes  the  less  or  pulmonary  circulation.  Leaving  the 
heart,  it  passes  over  the  air-cells  of  the  lupgs,  and  is  there  exposed  to  the 
aerating  action  of  the  atmosphere.  From  the  interior  of  the  cells  the 
discs  receive  their  supply  of  oxygen,  the  plasma  surrendering  up  carbonic 
acid  fmd  the  vapor  of  water.  The  color  now  changes  back  from  the 
blue  to  the  scarlet.  In  this  condition  it  returns  to  the  heart,  to  be  dis- 
tributed in  the  systemic  circulation  once  more. 

During  this  doable  round  an  incessant  change  is  taking  place  in  the 
Lesa  obvious  constitution  of  the  blood:  it  is  undergoing  a  continuous  met- 
bnt  important  amorpbosis.  In  some  respects,  as,  for  instance,  in  color, 
^*'  this  is  obvions  enough.     But  the  invisible  changes  infinite- 

ly exceed  in  importance  and  amount  those  that  are  obvions  to  the  eye. 

All  the  soft  tissues,  since  they  arc  wasting  away,  require  repair. 
This,  inasmuch  as  it  is  accomplished  either  directly  or  indirectly  by  the 
albumen  of  the  blood,  gives  rise  to  a  constant  drain  of  that  substance, 
and  demands  a  constant  supply,  which  is  provided  by  nutrition  or  stom- 
ach digestion. 

The  cells,  which  constitute  the  other  chief  portions  of  the  blood,  are 
T  I  u  nf  n^c^^T'  *o  tl*c  production  of  a  high  temperature,  by  eon- 
oxrgan  b7  Um  stantly  transferring  oxygen  from  the  cells  of  the  lungs  to 
'^•-  every  part  of  the  body ;  carriers  of  oxygen  they  have  been 
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tnily  pjillpd.  That  this  is  one  of  their  dutiea  has  been  proved  experi- 
meniaUv,  tor  a  solution  ot'olburocn  or  the  Acnim  has  but  little  power  of 
abwrbiiig  oxygen,  scarcely  exceeding  water  itself  in  that  rcipect,  but 
dw  discs  condense  it  at  once  The  change  of  color  thev  exhibit  as  they 
Bhernately  gain  or  lo8«  that  clement,  is  in  itself  a  proof  of  this  f»cU  am 
ii  aUo  the  action  of  Kcrtim  or  bluod-diacs  respectively  on  a  meaeured 
TohuDe  of  air  contained  in  ajar.  Il'tlie  discs  be  in  the  venous  or  par- 
pla  condition,  thoy  quickly  absorb  oxygen  Irom  the  cou6ned  air,  whtcli 
tlunforB  at  once  dimtui&iics  in  aniouiit,  but  the  t^itrum,  or  a  aolution  of 
albamett,  produces  no  aunh  ctl'cct.  The  plasma  serves,  therefore,  for  t)k' 
ipneral  nntriiion  of  t lie  svstcin.  and  the  discs,  by  transferring  oxygcit 
fiom  point  to  point,  discharge  that  part  of  tlicir  duty  wtiich  is  connect- 
td  with  the  production  of  heat. 

Bui  the  discs,  though  of  a  flattened  form,  are  truly  cells,  and  oil  that 
sLilains  iu  llie  case  of  cell  life  and  cell  action  obtains  for  -r     ^,      j 
ibenu     They  liavo  not  a  duration  at  all  coin|iarablo  to  tbe  niion  af  tii« 
don  of  thfl  system,  but  arc  constantly  coining  into  ex- 

and  disap])earing.  I-^h  is  an  individual  having  its  own  |)artir- 
nlar  history,  its  time  of  birth,  its  timo  of  maturity,  its  time  of  death. 
Each  (laseca  through  a  scries  of  incidents  proper  to  itself.  Originating 
IS  has  been  described,  they  grow  at  ilic  expense  of  tlic  plasma,  and  in 
this  rcganl  it  serves  fur  their  nutrition  as  well  as  for  tluit  of  the  body 
^erally. 

On  cjtposing  blood-nclls  to  oxygen  and  carbonic  acid  gase.<i  altrxnately, 
there  is  not  only  a  rhange  in  tlicir  sha]>e,  wliich  becomes  corrugated  and 
■tar-like,  but  also  in  their  chemical  constitution,  so  that,  af^er  such  an 
txpofiura  of  nine  or  ten  times,  ihcy  arc  entirely  destroyed.  Such  altcr- 
natioiui  occurring  in  tbe  ity&tcm  doubtless  lead  to  the  same  result,  though 
more  slowly,  since  the  oxygen  is  presented  in  a  diluted  condition. 

The  corrugated  anil  star-like  biood-oells  abound  in  the  blood  of  the 
portal,  though  not  in  th;it  of  the  hepatic  vein.     If  their  aspect  ^^ 

irint  from  their  tendency  to  distntegratinn,  tliis  is  no  more 

than  might  be  expected  in  view  of  the  fiinc- 
tions  of  the  liver.  That  the  stellnted  aajtort 
is  an  indication  of  a  conmiencing  disorganiza- 
tion, or  other  profound  change.,  may  be  illus- 
trated by  an  examination  of  the  action  of  wa- 
ter on  normal  blood-eelia.  which,  if  they  be 
cx[)09ed  to  that  liquid,  undcigo  a  distention : 
their  thickness  increasing  more  rapidly  than 
their  diameter,  they  lose  their  concavity,  bi- 
come  convex,  and  at  laet  appenr  aa  spborei) 
of  a  Ices  siae  than  the  original  discs.     When 
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the  quantity  of  water  they  have  received  has  distended  them  to  their  at* 
most  capacity,  tliey  then  are  invisible ;  but  when  it  ia  withdrawn  from 
than  by  establishing  exosmosis  through  the  addition  of  saline  aab- 
atancest  they  may  reappear  in  the  corrugated  or  star  shape,  as  seen  in 
the  photograph,  ^g.  50. 

With  respect  to  the  action  of  the  hsematin,  it  may  be  observed,  diat 
other  nitrogenized  coloring  materials  present  a  similar  rel»- 
uin  uinatnued  tion  to  Oxygen.  As  an  example,  indigo  may  be  meationed. 
by  indigo.  j  conaider  that  the  properties  of  this  substance  illustrate  in 
a  significant  manner  the  properties  of  hsematin  in  the  system.  Indigo 
occurs  in  the  leaves  of  the  plant  which  yields  it  in  a  yellow  and  solnfale 
state.  It  is  easily  extracted  from  them  by  maceration  in  water.  Ex- 
posed to  the  air,  it  absorbs  oxygen,  becomes  insolnble,  and  simultsii&* 
oosly  gains  a  deep  Uae  tint.  So  lightly  is  the  oxygen  thus  united  to 
it,  that  by  exposure  to  very  feeble  agents  it  surrenders  it  up,  and  repasses 
into  the  yellow  and  soluble  condition.  Once  more  exposed  to  the  air, 
it  turns  blue,  and  once  more  may  have  that  color  removed  from  it  by  tak- 
ing its  oxygen  away.  For  many  tiroes  in  succession  its  tint  may  be 
thus  changed,  and  made  yellow  or  blue  at  pleasure. 

From  this  we  perceive  in  what  a  loose  mamier  oxygen  is  held  by  such 
a  coloring  material ;  how  readily  it  surrenders  it,  and  how  readily  it  re- 
covers it.  Such  a  union  can  scarcely  be  called  an  oxidation  or  a  com- 
bination ;  it  is  rather  an  association. 

All  this  is  precisely  what  occurs  in  the  case  of  hsematin.  It  takes  np 
F  bi  i  of  o^yS^"  'with  rapidity  as  it  goes  over  the  cells  of  the  lungs, 
iixygen  ud  and  turns  scarlet ;  it  snrrendcrs  that  oxygen  with  equal  &- 
'  °"  cility  as  it  passes  the  systemic  capillaries,  and  turns  blue. 
This  change  of  color  is  incessantly  taking  place ;  it  is  now  red,  and  now 
blue,  as  the  ceUs  are  passing  in  the  greater  and  the  leas  circulation. 

Formerly  it  was  supposed  that,  in  the  act  of  respiration,  oxygen  from 
ReroptioD  and  the  air  united  with  carbon  of  the  blood  or  of  the  cells,  and 
.rf'JsvEen'bv  carbonic  acid  formed,  a  combination  or  perfect  oxidation 
tho  biood-ceiis.  taking  place  in  the  lung.  But,  if  tliis  were  true,  the  tem- 
perature of  those  organs  should  be  higher  than  tliat  of  the  rest  of  the 
body,  and  this  is  by  all  admitted  not  to  be  the  case. 

The  cells  are  therefore  carriers  of  oxygen.  They  receive  that  vivify- 
ing principle  as  they  move  over  the  respiratory  cells,  and,  freighted  with 
it,  pass  to  all  parts  of  the  body,  not  united  with  it,  nor  disorganized,  nor 
burnt  up  by  it,  but  holding  it  loosely,  and  ready  to  give  it  up  and  go 
back  again  for  a  fresh  supply. 

The  sac  containing  the  luematin  offers  no  kind  of  resistance  to  these 
exchanges.  It  will  be  fully  demonstrated  in  the  chapter  on  respiration 
that  this  is  the  case.     Thick  pieces  of  India-rubber,  stout  animal  mem- 
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IniUB,  or  even  masses  of  sttieco,  prcaent  no  obstacle  to  the  pnssfigo  of 
pttfa.  The  cklicatc  tvnll  of  the.9c  cc]l»,  a  tissue  of  almost  inronccivable 
temiitj,  can  offer  no  rc^iatAnce.  Tlte  gas  psksses  in  oiid  out  intliout  iin- 
pedinKnt  or  restraint. 

But  thoogfa  in  this  manner  Ihesc  little  organisms  perfonn  their  du^, 
it  is  only  for  a  time.     Tiiev  may  take  ojn'!!en  from  the  air-  _  , 

*  'J  .  o  SiiininmrT  of 

odb  and  give  it  up  in  the  system,  and  do  tlus  perhaps  many  tiir  ftin^iion  oi 
tfaonsand  times,  but  it  comes  to  nn  end  at  last.  The  incea-  '  "^  '^ 
am  mocion  stops,  and  the  woni  and  exlinnsted  dtse  is  brought  to  its  term. 
Bf  ilc^^Tcea,  as  old  age  stcala  over  it,  it  becomes  comigalcd  and  relaxed, 
ii  naable  to  withstand  chemical  rcagt^nts,  as  its  yonnger  comrades  can 
ifc.  Tiirongh  the  microscojx'  tt  seems  j»uck«red  and  attenuated.  Thf 
ml  color  ol'  its  interior  ileicriorates  into  a  tawny  tint.  jVs  with  a  leaf  in 
the  autumn,  the  nattuiU  i:o]or  of  which  diiutp|H:ars,  and  yellowness  or 
itlwr  change  precedes  its  fall,  so  with  the  dying  disc.  Unable  any 
faoger  to  discliar^  its  duties,  its  existence  is  brought  to  a  dose,  the  de- 
imjed  luetnatin  is  shed  out  to  give  a  trnnsirnt  ta«-ny  tint  to  the  plasma, 
bat  is  prcacntly  strainod  off  as  one  of  the  constitnr-nts  of  bilo  by  the  liver. 
Sot  is  the  illustration  here  nscd  wholly  metaphorical,  for,  in  the  case  of 
jivorousaTiinmls.  Jlorzelius  lias  shown  that  the  foloring  matter  of  their 
ia  identical  with  chlorophyll,  the  coloring  matter  of  leaves. 


CHAPTER  Vni. 

OF  THE  Cfficn.ATiOX  OF  TItE  BLOOD. 

T^JSmH  at  m  MaMmu—Iitaieqmai  ifllairfs'i  ihftnM  of  At  i'SraJation.—HjmtalPtit- 
dfk  ^  lU  CXrmiiAm  t  api^td  im  Iht  mm  1^  a  SiKk^td  Oil,  Ptrmu*  TUtm,  Mi>dm  1^ 
Stp  mmJ  t^  BImfJ.  —  £kfKn4uia  flf  tKa  Ctnalatiom  m  Rtfjnralion,  — Farmt  uf  CtrmialtM : 
Sgi»*m!r,  i\immtiny,  /'ortai.—tMirrryitiua  t^tht  Omrt  j  iW  MorrmmU. —  TTtrw  f-'on*,  .Vhr- 
Sir^tmJ  Vntwe-i—SoimrU  t,J  thf  Hmttj-^Otrnt  of  Um  C'>iitnietiaa*.-~/ffrrifiliin  o^  lif.  Artt- 
ntm,  li^pitiarwa,  Cmn*. — £ipliimitum  t^  ihr^  Otimlatim  of'  the  Bboit. — ^uda  nppOf^ng  it./— 
TU  t't»t  Unath. 

No  Auction  of  the  animal  mechanism  illustrates  more  strikingly  the 
ine  that  we  must  rely  on  physical  npenis  for  physiological  cxplana- 
than  that  which  we  have  now  to  considcT,  the  circulation  of  the 
Uood. 

We  aamndcT  some  of  tlw  most  bcantifid  recollertione  of  classical 

Ivjrtbotogy^  and  some  of  the  most  cherished  popular  illusions  Tbelwartu 

of  our  own  times.    The  heart,  which  in  the  higher  classes  of  "  MBtai. 

tlife  is  tbo  central  oigan  c^  ttnpuUe  of  the  ciKulation,  is  to  bo  degraded 

a  nMAt  engine.     \Vc  have  to  speak  of  its  valvoat  its  corda>  it«  pipe*- 
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We  have  to  consider  its  exhausting  and  its  forcing  action — ^to  deal  with 
it  jufit  as  we  should  deal  with  any  hydraulic  apparatus.  la  the  old 
times  this  organ  was  looked  upon  as  the  seat  of  the  thoughts  and  the 
passions ;  it  was  the  centre  of  all  good  and  evil,  purity  and  uncleannesa, 
devotion  and  love.  In  the  modem  system  the  brain  has  succeeded  to 
the  functions  which  were  once  imputed  to  it. 

The  heart,  then,  is  no  longer  an  altar  on  which  flames  are  baming,  no 
longer  the  seat  of  the  passions  and  the  source  of  love.  It  is  a  machine, 
but  what  kind  of  a  machine?  How  great  is  the  admiration  we  may  ex- 
press at  its  exquisite  construction !  Tliis  little  organ  can  execute  three 
thousand  millions  of  beats  without  a  stop !  In  the  coarse  of  a  life,  such 
as  we  sometimes  meet  with,  it  has  propelled  half  a  million  tons  of  blood, 
and,  though  momentarily  wasting,  has  repaired  its  own  waste  all  the  time. 
The  mathematical  rhythm  of  its  four  moving  cavities,  the  perfect  dosDie 
of  its  mitral  and  semilunar  valves,  and  the  reguigitating  play  of  its  tri- 
cuspid,  have  never  failed  it.  To  the  eye  of  the  intellect  there  is  nothing 
lost  in  transferring  it  irom  the  regions  of  metaphor  and  speculation  to 
the  domain  of  physical  science. 

The  doctrine  of  the  circulation  of  the  blood  was  first  propounded  by 
Hmrrer's  doo-  Dr.  Harvey  about  two  hundred  years  ago.  It  originated 
I^liM^rf  the  ^"  ^^  discovering  of  the  valves  of  the  veins  by  Fabricins  ab 
iilood.  Aquapcndente.     After  many  years  of  discussion,  it  was  re- 

luctantly received  by  the  medical  profession. 

In  this  doctrine  the  circulation  is  referred  to  causes  that  are  purely 
mechanical,  in  the  strictest  acceptation  of  that  term.  The  contraction 
of  the  walls  of  the  heart  propels  the  blood  through  the  arterial  tubes, 
and  even  through  the  veins,  the  direction  of  its  movement  being  insured 
by  a  proper  arrangement  of  valves. 

But  when  comparative  anatomy  and  physiological  botany  were  men 
Its  impcifeo  extensively  cultivated,  it  was  seen  tliat  this  doctrine  is  insnf- 
tUras.  ficient,  for  the  unity  of  nature  forbids  us  to  believe  that  nu- 

tritious juices  are  circulated  in  different  tribes  of  life  by  different  forces. 
And  though  it  may  be  that  the  contractions  of  that  central  impeUin^ 
mechanism  regulate  the  circulation  in  those  organisms  whicli  have  a  heart, 
what  is  to  be  made  of  those  countless  numbers  wliich  have  none  ?  In 
this  group  we  find  the  whole  vegetable  creation,  and  a  majority  of  the 
iinimal. 

There  is  a  physical  principle  which  has  long  appeared  to  me  sufficient* 
I>h7iicai  prin-  Its  usc  in  an  explanation  of  the  motion  of  nutritive  juices  in 
in^uJeomiiu^  organized  systems  of  every  class  I  have  taught  in  the  Uni- 
cinniUtion.  versity  for  many  years.  It  possesses  the  advantage  of  gen- 
erality, since  it  is  applicable  in  every  case,  from  the  circulation  taking 
place  in  a  closed  cell  up  to  that  of  man. 
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In  Chapter  VI.  ia  a  general  stalement  of  the  phenomena  and  laws  of 
npilUr}'  uiuaction ;  thu  priiicijjlc  now  to  be  cuplo^'cd  is  closely  couuect' 
ed  tbenwith.     It  may  be  staletl  as  follows : 

If  two  liquids  communicato  with  one  another  in  a  capillary  lulx*.  for 
ttte  suhatancc  of  which  lliRy  have  affiuitics  of  different  inlensitics,  movo- 
ment  will  cnsite:  the  liquid  Imving  the  highest  affinity  will  oe^upy  the 
libe.aad  may  even  drive  the  other  before  it.  The  same  effect  will  en- 
ne  tn  a  porous  structure. 

Thus,  let  it,  b,  J^y.  51,  be  a  capillary  ttibc 
of  any  kind^  which  is  occupied  conjointly  by 
two  liquids,  a  and  v,  meeting  each  other  in 
In  middle,  c;  a  having  a  liigh  and  v  but  little  affinit_>''  for  the  aubslanoc 
ff  which  the  tnbe  conaifl(«,  a  will  occupy  the  tube,  prosfliiig  out  v  before 
it  Of  course,  it  is  to  be  understood  ihat  llie  liqiiiiU  a  and  v  respect- 
ircly  communicate  with  reservoirs  tliat  can  furnish  them  a  ncceseaxy 
inpply. 

The  varioos  phenomena  described  under  the  dei^ignalion  of  endosmo- 

sia  are  oxjicrimcntal  illustrations  of  the  same  kind.     Thus,  ^    ,(,^  ,^  .^ 

'vhfln  water  is  jiiit  on  one  side  of  a  piece  of  bladder,  and  al<  cxpUnuioa  of 

toohd  on  the  oilier,  the  water,  having  the  highct»t  affinity  for  *"''*""*'* 

Itlw  anbstaiioe  of  which  the  bladder  consistB,  occupies  the  pores  thereof, 

•ind  expcU  the  olcohoL     Nor  would  any  of  the  latter  substance  find  its 

way  ill  (he  opjJO»ite  dir&'tion,  back  into  the  water,  were  it  not  so  soluble 

or  dil1u«ible  in  that  liquid.     Exosuiosis  therefore  lakes  place  through 

>  the  water,  and  constitulea  a  very  subordinate  or  feeble  current. 

Now  it  is  precisely  relations  of  this  kind  that  arc  observed  iu  the  casi- 
'  of  tJie  circulating  and  nutritive  juices  of  all  organic  beings. 

The  simplest  instance  is  presented  by  the  fluid  contents  of  certain  nu- 
cella,  both  among  animals  and  plants,  in  which  a  cur-  (.(^uj^y^  ,„ 
it  nH>ves  towani,  and  then  from,  the  nucleus,  coming  back  nucleated 
a  returning  path.     The  fluid  whicli  the  cell  contains  yields  "  *" 

mclctts,  in  which  seeras  to  be  concentrated  all  the  activity  of  the 
1,  the  nutritive  material  it  requires,  and,  tliis  done,  posses  on  to 
make  way  for  other  portions.  The  act  of  nutrition,  therefore,  is  followed 
iiy  iDOtioti,  and  this  upi>n  the  above  simple  principle ;  for  the  li<|uid.  be- 
fora  it  approaches  to  the  nucleu.^,  is  charged  with  material  which  the  nu- 
ebiu  can  altrart ;  but  immediately  after  contact  has  taken  plnee,  and  the 
I  toftterial  has  been  removed,  the  liquid  maintains  do  longer  any  relation  witli 
the  r,"  '  '"  the  affinity  or  attraction  is  aatisfied,  and,  so  to  s|)eak,  it  loMS 
its  ;.  '-upon,  and  is  pressed  off  by  new-coming  portions.    Before  its 

[appiMcli,  and  after  its  departure,  the  liquid  haa  opposite  relations  to  the 
,  and  in  this  respect  may  be  regarded  as  representing  two  liquid*, 
haviog  a  high  affinity,  and  the  otlier  none,  for  the  nucleus.     The 
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^!'-  "■-■  circulation  in  vegetable  cells  is  shown  by  the  di- 

rectioii  of  the  arrows  in  Fig.  62.  The  course  taken 
by  the  current  may  be  determined  under  the  mi- 
croscope by  the  minute  floating,  or,  rathert  drifting 
granules.     It  is  to  and  then  from  the  nucleus. 

Fig.  53  represents  one  of  Fig.  hl 

the  jointed  hairs  from  the 
TradcscantiaVirginica.  The 
engraving  is  from  the  view 
f^ven  by  3Ir.  Slack,  correct- 
ed, however,  by  the  aid  of  a 
photograph  of  a  similar  ob- 
ject, a,  d,  c,  (/  arc  the  suc- 
cessive cells  of  the  hair.  Tlie 
dotted  lines  show  the  direction  of  the  ciurent  to 
and  from  the  nucleus. 

The  juice  which  is  about  to  nourish  a  part  has 
circulation  '^^  *^**  P"'^  *  Certain  affinity,  but,  with  the  acromplishment 
tbroiiKh  per-  of  that  nutritiou,  the  affinity  is  at  once  lost.  Thus,  for  in- 
\  oiu  pans,  gj^jjpg^  jj,  jjjg  gystemic  circulation,  the  parts  to  be  nourished 
have  a  certain  affinity  for  the  arterial  blood ;  they  take  from  it  whatever 
their  purposes  require,  and,  tliat  done,  the  relation  at  once  ceases ;  the 
blood,  become  venous,  has  lost  its  hold  upon  them,  and  is  pressed  off. 
We  may  conveniently  describe  this  effect  as  a  pressure  of  tlie  unchanged 
upon  the  changed  liquid. 

The  motions  of  the  sap  in  plants  are  clearly  dependent  on  this  prin- 
EspJanationof  ciplc.  Leaving  out  of  Consideration  the  minor  movements 
Iccnt  rf"h^wp  ^^l"ch  take  place  for  special  purposes,  or  at  specific  epochs 
of  plant*.  in  the  development,  it  may  be  truly  said  that  the  nutritivft. 
changes  occurring  in  the  leaf  arc  the  primary  cause  of  the  motion;  for,  as 
the  ascending  sap  presents  itself  on  tiic  sky  face  of  the  leaf,  it  receives 
carbon,  under  the  influence  of  the  sunlight,  from  the  air,  and  becomes  con- 
verted into  a  gummy,  glutinous  liqui^.  And  just  as  in  the  pores  of  a 
bladder,  or  in  those  of  any  pervious  mineral,  pure  water  will  drive  out 
gum-water,  and  occupy  the  pore,  so  will  the  ascending  sap  expel  the 
gummy  solution  from  the  capillary  tubes  or  intercellular  spaces  of  the 
leirf.  As  fast  as  this  takes  place,  the  active  liquid  becomes  inactive,  by 
itself  changing  into  a  gummy  solution,  and  the  movement  is  perpetuated. 
And  this  ensues  not  only  in  the  loaf,  but  in  every  part  of  the  plant ;  the 
liquid  to  be  changed  presses  ujKm  that  which  has  changed,  and  forces 
it  onward.  In  this  manner,  motions  in  various  parts  and  of  very  great 
intricacy  will  ensue,  but  all  of  them,  if  duly  considered,  no  matter 
whether  their  seat  be  in  the  root  or  in  the  hark,  in  the  flowers  or  in  the 
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learett  no  matter  wlieilier  tiiey  take  place  in  tlie  heiglit  of  Butnnier  or 
jut  at  tlio  dose  of  winter,  wlien  tlie  sap  tirst  rUcn,  or  even  in  the  gonn- 
iaating  seed  wbicli  is  iimkr  tlic  greuml,  ami  haa  iiuvcr  yet  been  cx]»SQd 
ta  tlir  liglit,  may.,  without  difficulty,  be  referred  to  the  nutritive  change 
cnrinl  on  in  die  leaves  of  tlic  plant  andcr  cjuuoiiuttioQ,  or  its  paraat,  by 
tbe  iadueueu  of  the  rays  of  the  sun. 

All  this  holds  good,  not  only  in  tho  nutrition  of  a  coU,  the  inoro  com- 
[Jicatcd  ntiiriLint)  of  the  various  parts  of  n  flowering  plant,  or  l^ipiuiAtian  ei 
<TBi  ol'nn  auiiiial,  but  likewise  in  those  deatructivo  changes  rf',!i.ni[ri,i^f 
iMtncted  to  tho  latter  cJ[a«»,  and  arising  in  interstitial  decay ;  ulnuu. 
%  tJic  blood  has  a  double  duty  to  jxrform  :   it  not  only  8cr%-cs  for  nutri- 
tion, but  also  for  tho  removal  of  eft'ctc  and  dying  parts.     These  it  effecfc; 
dto oxidation  of,  their  eurbou  pnesing  into  carbonic  acid,  their  hydrogen 
<u1d  water ;  and  this  is  accoinpliidied  by  the  oii}'gcn  which  has  bvcn  ob- 
ttiaed  in  iKc  pivcc^  of  lespimtion.    The  scarlet  or  arterial  blood,  charged 
irjjh  itA  o.TygeD,  passes  to  all  parts  of  tho  economy  in  search  of  organic 
furticIeA  ready  to  bo  rcnmvcd ;  it  cflects  tlicir  diKorganisution,  and,  becom- 
inp  thereby  venous,  is  pressed  onward.     And  now,  if  we  recall  that  nn- 
triiion  in  aiuniats  dejMinda  on  the  access  of  air— eveo  fibrin  can  not  arise 
wwu  albiunen  except  under  that,  condition — we  can  not  avoid  tJie  con- 
ctniioa  that  all  operations  of  repair  nnd  all  operations  of  waste  are  made 
toeonspirct  together  for  the  imiductioii  of  movcmeni ;  ami  though  every 
part  offota  its  own  B[wcial  cause,  as  dt!|KUiiliiig  on  nutrition,  or  dinentc- 
gmtion*  or  secretion,  they  may  be  all  gron]icd  together  as  the  neeessar)' 
resnlts  of  ono  more  primitive  operation,  which  is  the  supply  of  oiqrgon 
to  tbu  blood  in  the  n*flpiralory  rocchanlsTn. 

In  my  view  of  tins  subject,  it  is  therefore  the  ai'terialization  of  the 
titood  in  tho  lunga  which  is  tho  cause  of  the  circuhition  in  pi-„^i^ei  ot 
uuin.  1  consider  the  circulation  as  tlie  conscqucncu  of  res-  drculatwn  la 
puslwn:  and  thouglu  in  one  scnpc,  tbe  minor  uiuscs  are  '  «•?«  on 
nunercMU.  racli  piirtion  of  nervous  material,  each  muscular  6bre,  every 
■Mnting  ctfll  working  its  own  way,  these  snbordinatc  actions  ore  all 
nfferahle  to  one  primordial  act,  and  that  is  tho  exposuTc  of  the  blood  to 
.tbe  air. 

Whatever,  therefore,  interfere*  with  respiration,  inlerfcres  with  eircula- 
If  All  irre^pirable  gas  is  tlirown  into  titc  celhi  of  the  lungs,  tbe 
of  the  blood  ia  iiiatnntly  arrested,  and  asphyxia  ensues.  Or,  if 
I  the  Access  of  tho  air  is  cut  off.  as  in  drowning,  in  vain  the  heart  exerts 
ita  utmost  cou^Tilsive  throb — it  is  unable  to  drive  forward  the  c«m  at  »p»- 
blood;  and  in  those  caspB,  by  no  means  infrequent,  yet  un-  ^jH^^ 
(Irabteilly  the  moat  surj)rislng  occnrring  iu  tbe  practice  of  Awwalag. 
tofyiicine — restoration  from  dcAth  after  drowning,  tbe  whole  snccC-tH  turns 
on  one  condition,  the  rc-c8tabli»hment  of  the  arteriahsatiou  of  the  blood. 
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If  that  be  accomplished,  the  circulation  is  restored,  and  the  heart  pro- 
ceeds with  its  duty.  And  for  these  reasons,  I  belicTe  that  in  many  cases 
success  would  be  liad,  where  failures  are  now  experienced,  if,  instead  <^ 
resorting  to  atmospheric  air,  pure  oxygen  gas  or  protoxide  of  nitrc^en 
were  administered. 

In  the  more  highly-developed  organisms  the  objects  of  the  circulation 
nre  threefold:  1st.  To  minister  to  the  nutrition  of  the  system;  2d.  To 
introduce  oxygen ;  3d.  To  remove  the  products  of  waste.  In  man,  these 
various  results  are  accomplished  by  several  different  arrangements :  lit. 
„.  The  greater,  or  systemic  circulation ;  2d.  The  less,  or  pulmo- 

cUsMB  of  nary  circulation ;  3d.  The  portal  circulation ;  4th.  The  Mal|U- 
circuUtioc.  gj^^  circulation,  &c. 

The  course  taken  by  the  blood  is  as  follows.  Leaving  the  left  Tcntri- 
Coiiwc  of  ihe  ^^^  °^  *'*®  heart,  it  passes  into  the  aorta,  and  is  distributed 
blo«>dinUs«j-»-  ty  the  ramifications  thereof,  constituting  the  systemic  arte- 
mon«ry  circu-'  ^ies,  to  all  parts  of  the  system.  It  moves  onward  through 
UtioDB.  the  capillaries,  which  may  at  once  be  considered  as  the  term- 

inal ramifications  of  the  arteries  and  the  commencing  tubelets  of  the 
veins.  These,  converging  into  larger  and  larger  venous  trunks,  the  sys- 
temic veins,  deliver  it  into  the  ascending  and  descending  vense  cavter  from 
which  it  flows  into  the  right  auricle,  and  from  thence  into  the  right  ven- 
tricle of  the  heart.  From  thence  it  is  driven  into  tlie  pulmonary  artery, 
to  be  distributed  to  the  lungs,  and,  coming  therefrom  along  the  pulmo- 
nary veins,  reaches  the  left  auricle,  and  fiom  thence  it  gains  the  left  ven- 
tricle, which  was  its  starting-point 

In  the  pulmonary  veins,  the  left  cavities  of  the  heart,  and  in  tire  ays- 
D"  "b  f  nof  **'"''°  arteries,  the  blood  is  crimson.  In  the  systemic  veins, 
crimMin  and  of  the  right  cavitics  of  the  heart,  and  pulmonary  artery  and  its 
"^    "  branches,  it  is  blue.     The  change  from  crimson  to  blue  takes 

place  in  the  systemic  capillaries,  and  from  blue  to  crimson  in  the  pulmo- 
nary. The  systemic,  or  greater  circulation,  is  considered  as  beginning 
at  the  Icfl  ventricle  and  ending  at  the  right  auricle ;  the  pulmonary,  or 
less  circulation,  begins  at  the  right  ventricle  and  ends  at  the  left  auri- 
cle. This  double  course  is  sometimes,  among  authors,  illustrated  by 
likening  it  to  the  figure  8,  the  upper  loop  representing  the  pulmonary, 
the  lower  the  systemic  circulation,  and  the  heart  placed  at  the  nodal  point. 

As  has  just  been  remarked,  there  arc  other  subordinate  circulations. 
The  portal  but  of  thesc  Only  one  need  attract  our  attention  at  present — ^it 
circnUtion.  jg  (jjg  portal.  This  originates  in  a  system  of  capillaries,  the 
veins  belonging  to  the  digesti^'C  apparatus,  which,  converging  rapidly  to- 
gether, form  a  common  trunk,  the  portal  vein.  This  at  once  ramifies 
like  an  artery  in  the  substance  of  the  liver.  From  the  resulting  capilla- 
ries, the  portal  blood  passes  into  the  commencing  capillaries  of  the  l^pat- 
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■0  vein*,  whicli  empty  into  the  inferior  vena  cavoi  and  bo  it  reaches 
(be  peneral  dnmlution.  Tli«  phypical  jwculiarily  of  Ihe  portal  cir- 
nktMtt  is,  tiiiit  it  conimenccfl  in  a  wipillorj-  syaleni,  and  cnda  in  onp, 
ridlOVt  the  intfrrcntion  of  any  centra]  organ  of  impnlsc,  or  heart.  At  a 
tny  early  period,  cnmjiarativc  amitomista  ivcrr  stnicli  irilh  Vmul  drcul*- 
di»  analogy  Ix-twccn  the  j»ortal  circulation  in  man  and  the  b^"f"t!rf"*' 
ij^emic  circulation  of  fiahca,  botli  being  carried  on  in  the  lib. 
same  way,  that  i»,  without  a  licart.  In  fishes,  tlio  heart  in  a  branchial, 
icip(rator>%  or  pulinoiuiry  one.  Their  liVHlennc  circulation,  or  cirtnda- 
ttan  of  crimson  blood,  commences  in  the  capillaries  of  the  rc^pinilory  aji- 
{■atae,  tlic  gilla ;  a  convergence  takes  plucc  into  an  aorta,  wliicii  raintBen 
imo  systeinii:  captllarif'fl.  So  the  great  circulation  in  thow)  tulies  is  ac- 
cnnpliahed  without  any  heart.  It  is  flcar»«ly  ncccsBary  to  point  out  the 
hlwing  of  such  a  fact  on  the  tbeorics  of  the  movement  of  the  blood. 
«►,**•  I"  ^V-  ^  w  a  diagram  of  the  circi  Jalion  of  a  fish  ;  Q, 

L*  tlie  auricle;  ^,  the  ventricle ;  c,  the  branchial  or  pulmo- 
nary artery ;  e,  f,  the  branchial  or  pulmonary  veins,  bring- 
ing blood  6x>m  d,  the  branchia;,  and  converging  directly  lo 
J",  tlie  aorta,  wliicJt  diittributeti  the  systoniiu  bliwd.  Thief 
is  coUoctcd  into  a  vojia  cava,  f/,  and  so  brought  to  Hm  au- 
ricJe,  a,     Tlicrc  is  tlicrcfore  no  systemic  heart. 

The  fiirther  discussion  of  this  subject  will  be  continued 
a»  foUovft :  We  ttliall  describe,  lat,  the  construction  and 
action  of  the  heart ;  2d,  of  the  arteries ;  3d,  of  the  capil- 
laries; 4tli,  of  the  veins.  We  shull  then  present  a  vieM~ 
of  the  combined  retiult  of  thette  various  meciianismB. 

IhI,  The  Heart.     Tlie  (inst  appearance  of  the  heart  is  as 
a  cttWty  arising  in  a  collection  of  celL*,  by  deli- 
quescence or  separation  of  the  central  ones.     At 
dot  t*rlv  [leriofl,  and  even  before  the  cavity  has  fairly  formed,  pulsation 
mny  bo  ob»erv«t     The  organ  soon  assumes  a  tubular  form ;  and  thi«, 
\  r^,  t&  becoming  curved,  as  sliown  in  J^ig. 

55.difterentialesinto  tha>c  compart- 
ntentii,  with  arterial  and  veuous  cod- 
nectiona;  1,  the  venous  trunks;  2, 
the  auricle ;  it,  the  ventricle;  4,  the 
bidbufl  arteriosus.  The  form  to  be 
fveatiially  antimed  is  foreshailowed  in  the  manner  in  which  tlio  cnrred 
tqbe  derelops,  the  arch  of  iho  curve,  2,  bulging  so  aa  to  form  a  conical 
ventricle.  This  tri<charaltcrcd  heart  remains  ^termanent  tn  fishes,  as  seen 
itfaBfXVceding  figure  (54),  of  which  cis  the  third  chamber.  But  in  birds 
■Dil  nuuDmals,  the  aortic  bulb  merges  into  the  ventricle,  through  which, 
irdl  *0  through  the  auricle,  a  aeptuni  or  partition  is  estabUsbed,  and 
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iV  !*  thus  »  doable  heart,  or  one  of  four  cham-q 

Tb«  diagram,  Fii0.  66,  repicseuts 
donble-cliambered  heart,  d  bediig  its  miB- 
cle,  c  the  retttride,  c,  r,  ttic  vt-itifl  csonvcfg-Ml 
ing  to  the  auricle  a  the  aorta  or  main  arte'^l 
ry  piiBging  from  the  ventricle.    The  coune 
of  the  blood  is  indicated  by  the  arrows^ 
The  heart  with  four  caritiM  may 
coiisiilered  aa  arising  front  tlie  oonjunc 
of  »  pair  of  tire  [^irfccding  fonn,  witli  thoir 
eJTcreiit  and  allcrent   tubc»,  or   arlrries 
nnd  veins,  so  modiSed  or  nminged  that 
tlie  right  heart  reoeivea  its  blood  from  tliaj 
syBtem  in  an  anriclc,  from  which  it  pA&<tci(  into  a  ventricle,  and  thcnrc  ta>[ 
Fi'^  *•'•  I  ho  InngR.     FTom  the  Intigs,  after  fteratton,.| 

this  blood  is  bronglit  to  the  auricle  of  tl 
left   heart,  thence   into   its  ventricle,  nndlj 
Uieucc  to  the  aorta.    Thougli  all  fottr  i 
Iwra  are  geoeially  ooalesced  into  one  conic- 
al form,  the  heart  of  tlie  dugong,  ^7y.  57,, 
jwpsents  the  true  typical  Hinicluro;   E 
the  right  or  pulmonary  ventricle.  L  the 
or  Byatcmic  ventricle,  iheir  apiccii  beii 
quite  ajMirt :  T)  in  the  right  or  syRlcmic  an- 
ricle,  F  the  pulnionnry  artery,  K  the  Ict't  oi 
n«*n  oniK  jv,K.»,e.  pulmonary  auricle,  and  A.  the  aorta, 

/^f^r.  6H  ia  th(^  anatomy  of  iho  liiiiiimi  lu-art  as  viewed  u{)on  tlic  rigfal 
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side*  the  ttgare  ami  description  beii 
frvim  Dr.  E.  Wilson.     1.  tlie  cavity  of ' 
tlie  right  auricio ;  2,  the  appendix  an- 
ricuW;    3,  the   Bupcrior  vena   cavotl 
o^wning  into  the   upper  part  of  the 
right  auricle;    4,  inferior  vena  cavay 
5,  tlio   fossa    ovalis;    the   prominent 
ridge  surruiinding  it   is  the  aiiiiulud 
ovalis;  0,  the  Kustacliian  vnlve;  7,  tliaj 
opening  of  the  coronary  vein;  8, 
coronary  valve :  W.  the  entrance  of  I 
auriculo-veiilriodar   ojxjnin^;    a, 
right  ventricle ;  i,  c,  the  cavity  of  llii 
right  ventricle,  on  tho  wall?  of  which>^ 


the  colnnuue  camen  axe  seen ;  c  is  placed  in  the  channel  leading  upwd 
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to  the  puiDionaiy  artery,  dj  i^f,  llic  tTicns{)i<l  valve:  e  is  placed  on  the 
anterior  mrtain,  «ii'l/'on  the  riglil  curlftiii ;  jr,  the  long  colmnna  caniea, 
to  the  spcjc  of  wtii<:h  tbe  anterior  ami  right  ctirtainB  of  the  tricn^iil 
vithre  are  connected  by  the  chorda;  tendlnea;;  h^  tbe  kmg  moderator 
\m*\  :  i',  the  two  colutnim?  camcn.'  of  the  ri^Iit  curtain :  ky  tlie  attach- 
mnit  liy  ehurdte  tetidiiica-  of  the  left  limb  ol  the  uiiterior  curtain;  I,  A 
cfaonliL*  lendinca;  of  the  fixed  curtain  of  the  valve;  ?n,  tliu  valve  of  tbe 
polmauary  arterr :  the  lettor  of  reference  is  jilaeed  on  the  inferior  senii- 
innjirM^cnt;  «,  the  ajicx  of  the  right  apjtendix  auriculic;  o,  the  left 
nttticle :  p^  the  ascending  aorta :  g,  its  orchf  with  the  three  arterial 
rninlt*  which  arise  1rom  the  arch :  r,  the  descending  aorta. 
Fi'j.  .')0  exhibits  the  view  of  the  organ  on  its  left  aide.  Like  the  pre- 
Piff.  to.  ceding,  the  figure  and  description 

are  from  Dr.  Wilson.  1,  cavity 
of  tlie  left  anricJe :  the  number 
is  placed  on  that  jtortion  of  the 
aeptnm  anricnlaruni  correspond- 
ing with  the  crntTc  of  tlie  fosna 
ovalift;  2,  cavity  of  the  appendix 
aoricula" ;  3,  oiwning  of  the  two 
right  pulmonar}'  veini«;  4,  the 
einu8  into  which  the  left  pulmo- 
nary veinfl  open ;  6,  the  left  pul- 
monarj'  veins;  fi,  the  auriculo- 
ventriciilar  opening;  7,  thoeoro- 
'  oaiy  Trin,  lying  in  the  anneulo-ventricular  groove ;  8,  the  left  ventricle; 
|9,  *'.  '  v\iy  of  the  left  vcnlriele,  Tbe  numherfl  rest  on  the  septam 
[▼cii.  '  iin.     a,  the  niilrdil  valve:  its  tlaps  are  connected  by  cbonhe 

tenditicA?  to  b,  h^  A,  the  colnmna>  caniKP ;  c,  c,  iixed  coluuinn^  conieic,  form- 
top  j»art  of  the  intcnial  ntirfiice  of  the  ventricle ;  lU  the  arcli  of  the  aorla, 
uroa  tbe  summit  of  which  the  three  arterial  tnuiks  of  the  head  and  up- 
per cxtrvmitiea  arc  seen  arising ;  «,  the  pnlmonary  artery ;  f,  the  obIit< 
Ktiird  dnctns  anerioinis ;  g,  the  left  pulmonary  artcTi- ;  ^,  the  right  vem- 
tricle;   i,  the  point  of  tbe  appendix  of  the  riglit  auricle. 

Extemaliy,  tJte  heart  is  covered  by  a  eerous  membrane,  pericardium, 
ft,  «i  and  in  it»  interior  is  sheathed  by  the 

ondoeai'dium*  an  extennon  of  the  inte- 
rior coat  of  the  great  blood-vessels. 
Though  its  movements  are  wholly  in- 
volnntary.  its  mui<cular  fibres  arc  of  the 
transversely  striate*!  kind.  Tlicy  are 
aboat  one  third  lens  in  diameter  titan 
those  of  voluntary  musoles  generally. 
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and  are  especially  characterized  by  their  disposition  to  anastomose  with 
one  another,  as  represented  in  Fig,  60.  In  the  Tentricles,  the  arrange- 
ment is  such  that  the  fibres  of  the  external  and  internal  sur&ces  decus- 
sate. 

The  motions  of  the  heart  consist  in  tlie  relaxations  and  contractions  of 
Relaxations  the  muscular  walls  of  its  cavities.  The  two  anricles  contnct 
'ions^f'tbT  **  *^®  same  moment,  as  do  also  the  two  ventricles,  but  the 
heart.  contractions  of  the  anricles  coincide  with  the  relaxations  of  the 

ventricles. 

The  course  of  the  blood  thiongh  the  heart  is  this.  The  venous  blood, 
Coureo  of  the  brought  by  the  ascending  and  descending  cavse,  flows  into 
blood  [n  the  t^g  right  auricle  as  it  is  dilating,  and  for  the  moment  poshes 
movementa  of  forward  to  the  ventricle,  but  the  auricle,  bang  of  less  capoc- 
the  valves.  jjy  XhToi  the  ventricle,  is  filled  to  distention  first ;  at  this  in- 
stant it  contracts,  forcing  its  contents  past  the  tricuspid  valve  into  the 
\'entricle,  and  fills  it  completely.  The  blood  can  not  regurgitate  into  the 
veins  to  any  extent  while  this  is  going  on,  because  of  the  almost  perfect 
closure  of  their  valves.  The  right  ventricle  now  commences  to  contract; 
its. fleshy  columns  shorten  so  as  to  pull  upon  the  tendinous  cords  attach- 
ed to  the  flaps  of  the  tricuspid  valve :  this  enables  the  blood  to  get  be- 
hind them,  and  they  quietly  close  the  aperture  between  the  auricle  and 
ventricle ;  the  closure  is  not,  however,  under  all  circumstances,  perfect, 
the  mechanism  being  such  as  to  permit  leakage  or  regui^tation  to  a  lim- 
ited extent.  The  blood  now  rushes  into  the  pulmonary  arteiy,  passing 
by  its  semilunar  valves,  which,  the  moment  the  ventricular  pressnic 
ceases,  shut,  so  as  to  prevent  any  return  to  the  heart. 

Having  passed  through  the  lungs  and  been  submitted  to  the  air,  the 
blood  now  returns  to  the  left  auricle,  which  forces  it  into  the  left  ventri- 
cle, the  action  on  this  side  of  the  lieart  being  the  same  as  on  the  other; 
the  mitral  valve,  which  closes  the  opening  from  the  auricle  into  the  ven- 
tricle, is  worked  in  the  same  manner  as  the  tricuspid,  and  the  blood  is 
pressed  into  tlie  aorta,  the  semilunar  valves  of  which,  at  that  instant, 
shut  abruptly  with  an  audible  sound,  and  prevent  any  regurgitation.  In 
this  manner  the  distribution  to  the  system  is  accomplished. 

On  both  sides  of  the  heart,  as  soon  as  the  auricles  have  finished  theii- 
contraction,  they  begin  to  dilate,  and  continue  to  do  so  during  the  peri- 
od that  the  ventricles  are  contracting.  Thus  there  is  an  accumulation 
in  them  when  the  ventricles  are  ready  to  dilate,  and,  as  soon  as  that  oc> 
curs,  the  blood  flows  freely  forward  into  those  cavities,  the  complete  dis- 
tention of  which  is  then  accomplished  by  the  contraction  of  the  auricles, 
as  before  explained. 

Movements  of  The  modc  ofaction  of  the  two  sets  of  cavities  is  different. 
Mid  vOTt^e*.  "^^^  auricles  contract  suddenly,  first  at  the  place  of  junction 


MOVKMEjrra  of  the  ueabt. 


139 


oTUieur  Terns,  the  effect  passing  quickly  forward;  the  ventricles  con- 
tnct  moM  slowly,  liul  simuIlancouBly  in  everj-  part. 

Ihiring  each  beat  of  the  heart  two  sounds  may  be  heard,  followed  by 
a  silence  The  first  eouud  is  dull ;  the  sceond,  which  foL-  Sound*  uf  tk- 
lowB  it  quiekly,  is  eiiarji.  Tfic^-  may  lie  imitated  by  artic-  '"'"■ 
uliting  the  ityllubh;^  luhb,  diij*.  The  lint  in  duo  to  the  contraction 
of  the  muscular  tibrea  of  the  vetitricles,  and  the  striking  of  the  A{iox  of 
Ae  bean  against  the  wall  of  the  chest;  to  a  certain  extent,  the  opening 
of  ti)6  ftcmilunar  valves,  and  tlic  rush  of  the  blood  hito  the  pulmonar)* 
fftery  and  aorta  contribute  to  it.  The  second  aound  is  due  to  the  shut- 
lihg  of  the  semilunar  valves  of  the  aorta  and  pulmonary  artery. 

At  eadi  contraction  of  the  vciitriclcit  lliu  heart  utrikea  against  the  walls 
of  the  chest,  usually  between  the  lil'tli  imd  fixth  ribs,  and  an  incli  or  two 
iDlbo  lefl  of  the  sternum.  Thiii  motion  is  partly  due  to  the  action  of 
the  (tptral  muscular  fibres  of  tlie  ventricles,  which  gives  a  tilt  to  the 
JKtrt,  and  partly  to  the  globular  form  which  the  whole  oi^n  suddenly 
mnmcA. 

ITie  mimWr  of  pulsations  made  by  the  heart  differs  very  much  at  dif- 

ftrtot  periods  of  life :    at  birth  it  i«  tVom    130  to  140  per  Sui»l«rofp«l. 

miDule :  at  the  seventh  year,  fixjm  t*0  to  55 ;  during  mature  »■*'"«•• 

li&,  irvm  70  to  75 ;  and  in  old  age,  from  50  to  65.     In  fonuilea  it  is 

note  frequent  than  in  males.     It  obi>ervcs  a  general  relation  with  the 

mnnber  of  respiraiions,  five  pulsations  commonly  occurring  during  one 

in^iintion.     It  varies  with  incidental  circumstances.     Ihiring  sleep  it 

in  firpquency ;  after  eating,  or  during  exercise,  it  is  quickened. 

ExAmioed  from  morning  to  evening,  it  becomes  slower  by  degrees.     Ly- 

down,  the  pulse  is  slower  ;  in  a  sitting  poaturc,  more  fkviucnt ;  and 

Bton  ao  when  standing,  the  variations  dc[)uiiding  on  muscular  exer- 

In  conditions  of  disease,  the  ratio  between  the  number  of  pulsa- 

fliona  and  rc^piralinnx  is  viirinble. 

The  walls  of  the  left  ventricle  are  twice  as  thick  aa  those  of  the  right. 
[and  the  force  of  its  contractions  is  abont  double.     The  ca-  fjj„^„„  ^^, 
rity  of  the  two  ventricles  ia  nearly  the  same,  and  is  taken  ft,wm>ltbt 
It  atxml  three  ounces.     The  active  force  with  which  the  au-   ""  *" 
rides  dilate  is  feeble,  and  wholly  incompetent  to  ex<M  any  thing  like  the 
auction  power  at  one  tunc  supposed,  yet  that  they  are  not  distended  by 
.the  rocro  influx  of  the  blood  is  satisfactorily  proved  by  their  dilatati(Hi 
iter  itie  heart  lias  been  cut  out 

With  respect  to  the  abwilute  force  which  the  left  ventricle  exerts  for 
ithe  projiulsion  of  the  blood  into  the  systemic  arteries,  it  is  atatcd  to  be 
1 13  IbiL     This  result  is  derived  from  the  consideration  that  tlie  pressure 
of  the  blood  in  the  aorta  is  al>out  4  lbs.  3  oz. 

Tluit  the  motions  of  tlie  heurt  can  not  be  referred  to  the  presence  of  tJic 
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c  fthe  ^l<>o(^  or  ^^7  Tcflex  action  arising  from  the  cerebro-Bpinal 
motions  of  the  system,  but  must  be  attributed  to  the  organ  itself,  is  proved 
**""  by  their  continuance  after  its  excision  from  the  body,  or  even 

after  it  has  been  cut  in  pieces.  Some  have  supposed  that  the  miimte 
sympathetic  ganglia  with  which  it  is  fiimished  are  the  source  of  the  mo- 
tive power ;  otliers  ore  disposed  to  impute  it  to  a  self-contractile  power 
of  its  muscular  fibres,  irrespective  of  any  nervous  agency.  Of  course,  it 
is  admitted  by  all  tliat  the  brain  and  spinal  cord  can  influence  these 
movements,  but  such  effects  are  superadded  and  not  uniform. 

Of  these  opinions,  we  shall  find  many  reasons  for  preferring  the  first 
when  we  come  to  the  description  of  the  ner\-ous  mechanism.  It  will  be 
then  seen  that  one  of  the  prominent  functions  of  nervous  ganglia  of  a  cer> 
tain  order,  and  particularly  the  ganglia  of  the  sympathetic,  is  the  storing 
up  of  impressions  they  have  received,  and  thus  becoming  reservoirs  or 
magazines  of  force.  The  power  thus  engendered  or  contained  in  them 
is  by  no  means  always  delivered  out  in  totality  at  once,  but  it  may  be 
in  small  portions,  at  intcr\'al3,  for  a  long  time ;  and  doubtless  in  this 
way  the  minute  sympathetic  ganglia  of  the  substance  of  the  heart  retain 
a  power  of  keeping  up  the  motions  of  that  organ  for  a  certain  period  of 
time,  even  though  great  lesions  or  morbid  cliangcs  may  have  Buper\'ened. 
Such  a  mechanism  recalls  the  manner  in  which  chronometers  are  kept 
going  during  the  short  time  that  the  action  of  the  main-spring  is  taken 
off  when  the  watch  is  wound  up. 

2d.  The  arteries  are  tubes  consisting  of  different  tunics  or  layers  van 
Description  of  riously  numbered  by  anatomists,  but  which  may  be  suffi- 
the  orteriea.  cicntly  described  as,  1  st  Tlic  exterior  tunic,  containing  fibres 
generally  running  lengthwise,  connective  and  clastic  tissue;  it  is  of  abont 
the  same  thickness  as  the  ttuiic  below;  2d.  The  middle  tunic,  character- 
ized by  being  composed  of  non-striated  muscular  fibres  circularly  ar- 
ranged; 3d.  The  interior  tunic,  which  is  thin,  and  consists  of  a  cellular 
or  epithelial  layer,  smooth  and  polished,  to  permit  of  the  ready  passage 
of  the  blood. 

The  elasticity  of  the  arteries  enables  them  to  sustain  the  sudden  action 
of  the  heart  by  distending  to  a  certain  degree  as  the  blood  is  driven  into 
them,  and  by  their  gradual  collapse  when  the  ventricles  cease  their  pres- 
snre,  the  jetting  or  intermitting  flow  is  converted  eventually  into  a  con- 
tinuous stream.  The  mechanical  influence  of  the  heart  is  thus  decom- 
posed into  two  portions :  one,  which  is  of  momentary  duration,  or,  at  all 
events,  lasting  only  so  long  as  the  ventricle  contracts ;  and  a  second, 
which  is  occupied  in  distending  the  elastic  arterial  tube ;  but  this  por- 
tion is  not  lost  to  the  circulation,  since  the  tube,  as  it  contracts,  yields 
it  back  again  to  the  blood.  Tlie  momentary  impulse  of  the  heart  is  thus 
spread  over  a  considerable  duration  without  loss. 
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'Ilie  imisculsrity  of  the  arteries  is  shown  by  their  contractitm  on  cx- 
poporr.  llieir  aub£c<)iLuitt  dilalutioii  being  due  to  their  elasticity,  tliiK  con- 
Dxctilc  pntpivty  being  contiiiui^d  for  some  time  after  death.  It  is  also 
[mtTivi  by  the  great  diminution  of  diaineler  wliich  arteries  exhibit  when 
nnJcr  the  inlluencc  of  an  electric  current.  Tlie  quantity  of  muscular 
uii  olastic  tijwue  in  tltifcrcnt  artcrinl  tubes  is  usually  in  au  inverse  pro- 
portion. In  the  great  arteries  the  clastic  tissue  abounds,  in  the  smaller 
die  mascular  increases.  By  their  muscular  coat  the  qu&ntitj*  of  blood 
intbeae  lubea  con,  withiu  certain  limits,  be  regulated. 

.At  each  injirtion  of  blood  into  it  an  artery  distends.     It  then  con- 

met*,  and  (bus  gives  origin  to  a  pulsation.     Its  increase  is  ActionoTtii'F 

Inlli  in  diameter  and  length,  the  tendency  being  to  lift  it  at  "f**"**^ 

adi  pulsarion.     The  di:stention  doc^  not  occur  at  the  same  instant  in 

iH  ilicne  tubes,  but  cliooe  ncarewt  to  the  heart  yield  first,  and  the  raoro 

jiitant  a  little  latcT.     There  is  therefore  wiiat  niny  be  termed  a  wave  of 

liiMention  passing  throughout  the  length  of  each  arterial  tube,  and  an- 

oilMf  actual  wave  in  the  blood  itself.     These  pass  onwanl  at  different 

attfl  of  speed.     Tbe  interval  of  vare-motioa  from  the  heart  to  tbe 

irzat  is  about  one  seventh  of  a  second.     Of  courso  this  ware-motion  is 

to  be  distinguished  from  the  absolute  moveniutit  of  the  blood,  which  is 

mch  alowBT.     In  the  carotid  artery  Ihti  How  of  thu  bioud  is  about  one 

6ot  m  one  second. 

[      A  pressure  or  impart,  communiealcil  to  a  liquid  in  a  long  tube,  is 

Inmsmitted  to  the  mure  distant  end  with  vastly  more  rapidity  than  the 

liquid  itself  could  flow  through  the  same  distance.     Tims,  if  we  were  to 

■oppose  a  very  long  metal  tube  to  be  fillwl  complettily  with  water,  its 

two  ends  having  b**n  tightly  closed  by  tying  pieces  of  bladder  over 

ttkem,  lite  tap  of  a  finger  on  one  of  the  jficvcH  of  bladder  would  be  almost 

instantly  felt  by  a  tinger  laid  on  tiio  other.     Indcc<l,  it  lias  been  pny- 

i{xwe<l  to  establish  telegraphic  communication  on  this  principle,  though 

loucb  attempts  woidd  |irDvc  abortive  from  the  interference  of  collateral 

larcumBtanccfl.     This  example  may  serve,  however,  to  illustrate  the  es- 

diflerence  between  the  flow  of  a  liquid  in  a  tube  and  tho  jMws^ie 

ion  through  such  a  liquid  contained  in  such  a  tnbe. 

The  capillaries  may  be  regarded  as  tubular  continuations  of  the  aric- 

and  the  commencement  of  the  veins.     Thev  ramitV 

jtlirongb  the  organic  strmMures.     They  are  of  pretty  uoifoon 

[>dtam«ter,  and  may  llieretbre  be  looked  upon  as  cylinders.     Their  usual 

is  about -j-;;t||p]j  of  an  inch;  their  mode  of  distribution  varies  with  the 

tun  and  functions  of  tlie  pai-t  thoy  occur  in :  thus,  in  muscles  thoy 

ran  paraUei  i  in  the  |ie|)illiM  tlicy  art^  loopc^l. 

Tbcy  cwiwUt  CAftT-nliallv  of  a  delicate  slnictiirvlcss  membrane,  anolo- 
to  cell  membrane,  and  the  aarcolemiua  of  voluntar}*  muscles.     It 
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)K)»i(8sc5  a  cortaiii  di^ree  of  elastidly,  and  prcftente  here  axkd  there  oeH 

nuclei. 
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Tlie  inlerapaces  Tjrtwccn  adjacent  eapillaripa  ynn*  much  in  sixe  fuid 
Siieofintw.  shapc,  tlic  laltvr  variation  being  ()cp«>ndcut  on  the  mode  of 
■pwM.  distribution,  whether  parallel,  rctictdated,  looped,  i&c;  aa  to 

.ti?'^,  in  the  liver  the  interspaces  are  of  less  dianu-ter  than  the  capUlaricB, 
in  tbo  choroid  coat  still  smaller,  but  in  lite  celluhir  coat  tif  the  arteries 
thpy  are  ten  timon  larger  than  the  vi-ascIa.     These  interstitial  spacer  aioj 
nourished,  by  the  matter  which  exudes  through  the  thin  walls  of  the  eap»i 
iUaries. 

^  r^  !»•  -Fi^.  63  repreaenta 

flic  cnpillnry  circuli^'fl 
tion  in  the  webof  thefl 
firog's  foot  I  a,  rcnons 
i:-4^ftCi!^;,y- ;;  trunk;  i,  ft.  brandies 

'  L'-'-g-j*^-  of  venous  trunk;  i:;^ 

pigment  ccUs. 
elliptical   hlood-dtKSJ 
are  nccn  in  oudine  iii 
the  interior  of  th«  ves- 
aela.  ^ 

The    blood    Hows' 
UiFOUgh  the    capilla- 
ries in  an  nninterrapt-" 
ed  stream,  its  jetting 
motion  being  entirely' 
kwt.    The  rate  of  cir- 
\  ,a^  cnlalion  through  the 

I  aitK^»  f«M.  sjr'stejnic  capillarios  in 
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ttken  Hi  three  inrhcs  p^r  minute,  tliat  through  the  pulmo-  m^i^^^iKe 
airy  being  6ve  times  as  quick,  the  length  of  Uie  ca))tIlaTy  tiibc  it\9o4  in  tb« 
ID  be  passed  ^  of  an  inch,  so  that  the  paHsage  from  the  ar-  *^''*^*''"' 
HTjr  to  ibfl  veiu  ma}'  be  accomplished  in  IcHi>  tlmn  one  kccoik].  It  is  to 
be  mnarked,  however,  timt  all  piLrt8  of  the  cylindrical  stream  do  not 
inovtt  with  c<|uaJ  ntpidily.  Tlioae  parts  which  arc  neareitt  to  tlie  wall  of 
iltt  vbmpI  arc.  spoken  of  as  the  sliil  layer,  trom  their  toi-dy  moveitictiT. 
his  in  this  that  the  white  corpiiaclrs  may  be  rooil 
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Fig.  G4  showB  a  portion  of  a  small 
vessel  from  a  frog's  foot :  a, «,  red  blood 
cUiptiu  cells,  occupying  the  axis  of  the 
vest^il.  and  exterior  to  them,  moving 
more  slowly,  or  occupying  the  etiU  lay- 
er, the  white  spherical  cells :  ^  b,  nucle- 
ated epitlMilium. 

4th.  The  veins  have  n  stmctnre  in 
some  respects  different  from  -iiiPTdM: 
that  of  the  arteries.  Tlidr  n^irrtniaure. 
elastic  coat  is  by  no  means  so  much  de- 
veloped. :ind  their  muscularity  less  dis- 
tinct. With  the  exception  of  those  of 
wMi*  «wi>M«dv  lo  «)•  Miu  i>r«r.  the  lungs,  abdominal  vittoera,  and  brain, 

ikeir  interior  is  furnished  with  ralvcs  of  single,  double,  or  triple  flaps,  in 
ill  instani-Cfl  opening  toward  the  heart.  The  blood  Hows  eijnably  in 
il*ra,  Uw  pulsaiing  action  of  the  vc-ntricle«  having  disappearctl  in  the 
capiUaries.  Since  they  present  an  aggregate  capacity  two  or  three  tin>e8 
(Jut  of  tbc  arteries,  the  motion  of  tlie  circulation  in  them  ia  proportiou- 
alljr  slower.  /Vy.  6d  is  a  diagnim  showing  the  manner  in  whicli  the 
nlm  open  wbcn  tlie  blood  flows  in  the  course  indicated  by  the  arrows. 
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^/'k;.  66  shows  their  application  to  each  other,  or  to  tike  sides  of  the  vein, 
the  ODiiaeqiaent  bulging  of  that  vessel  when  the  current,  as  indicated 
by  the  arrows,  ia  in  the  op|>oKito  din-ctJon. 
Uarir^  now  described  tho  stniciuri'  and  action  of  the  heart,  the  artc- 
capiltaries,  and  veins  rBspecti\'ely.  as  far  as  is  necessary,  it  remains 
gnnp  those  actions  together,  and  present  the  theory  of  the  circulation 
At  one  view. 

But,  before  entering  on  this,  it  is  proper  to  offer  an  ar-  I'-rwroftiwdoc^ 
against  the  doctruic  of  those  pliysiologists  who  stiU  bon  !■  An  mIc 
1  thai  the  circulation  is  wholly  dependent  on  the  heart,  '^I?!^''''  ^^ 
and  that  that  organ  is  entirely  competent  to  carry  it  on. 
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The  majority  of  the  circulations  we  examine  in  oiganic  forms  are  ac- 
complished without  any  heart.  Plants  have  none ;  fiahes  have  no  eys- 
teniic  heiirt;  even  iij  man,  at  the  first  period  ot'embiyonic  existence,  there 
is  no  such  central  orgim ;  in  his  adult  condition  the  portal  circulation  has 
nono.  The  current  of  blood  in  the  capillaries,  seen  under  the  microscope, 
exliibits  no  jetting  movements,  but,  on  the  contrary,  a  steadiness  of 
flow,  sometimes  for  long  in  one  channel,  then  a  cessation,  then  perhaps 
a  rctrogntdation,  and  then  a  new  path.  It  looks  as  though  the  blood 
was  flowing  spontaneously,  and  not  by  any  force  acting  behind.  The 
heart  of  an  animal  may  be  suddenly  cut  out,  and  yet  the  capillary  motion 
may  go  on  in  the  same  direction  as  before.  After  death  the  arterial 
tubes  are  most  commonly  found  empty :  a  result  wluch  is  a  mecbanictl 
impossibility  on  the  supposition  that  the  heart  alone  drives  the  blood, 
but  which  ensues  as  a  necess&ry  consequence  if  the  capillaries  draw  it 
In  acardiac  monsters  the  blood  circulates  without  difficulty,  and,  thon^ 
it  was  at  one  time  supposed  that  in  these  twins  the  hearted  fcetus  drove 
the  blood  through  the  heartless  one,  this  is  now  demonstrated  not  to  be 
the  case.  The  circulation,  moreover,  varies  locally,  and  at  special  epochs, 
as  in  the  development  of  the  generative  organs,  the  mammary  glands,  the 
flow  to  the  erectile  tissues.  TJbi  irritatio  ibi  flnxus  is  an  old  medical 
aphorism,  and  these  local  variations  are  incompatible  with  the  action  of 
one  central  unvarjang  force.  In  cases  of  spontaneous  gangrene,  it  some- 
times occurs  that  the  circulation  through  the  part  has  declined,  while  the 
capillaries  are  all  open,  as  subsequent  examination  proves.  The  applica- 
tion of  cold  to  a  part  checks  the  circulation  through  it,  and  this  not 
through  any  contraction  of  the  vessels ;  so,  likewise,  does  a  jet  of  carbon- 
ic acid  gas  directed  upon  them.  Moreover,  any  retardation  in  the  supply 
of  air  to  the  lungs  restrains  tlic  circulation,  and  this  not  alone  in  the 
Ijulmonary  vessels,  but  also  in  the  systemic  capillaries,  producing  an  in- 
creased pressure  in  the  arterial  tubes,  a  diminished  one  simiJtaneously 
occurring  in  the  veins ;  and  if,  in  the  various  cases  now  mentioned,  the 
propulsive  action  of  the  ventricles  can  not  be  relied  on  to  explain  the  dif- 
ficulties, neither  can  any  supjwsed  suction  or  exhausting  action  of  the 
auricles.  When  a  ligature  is  tied  round  a  vein,  the  action  of  the  auricle 
is  cut  off,  but  the  vein  distends  beyond  the  obstruction,  showing  that 
there  is  a  force  acting  from  the  capillaries.  Flexible  tubes,  such  as  aic 
those  vessels,  would  at  once  collapse  under  the  exertion  of  a  very  moder- 
ate suction  power,  far  less  in  intensity  than  would  be  necessary  to  draw 
the  blood  in  the  veins. 

In  spasmodic  asthma,  and  in  all  pulmonary  congestions,  the  right  side 
of  the  heart  circulates  the  blood  with  difficulty  through  the  longs,  show- 
ing the  existence  of  a  great  obstruction  to  its  motion  through  the  pnlmo- 
uaiy  capillaries.     An  examination  of  the  condition  of  the  various  por* 
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dow*  of  the  cirenlntory  apparatus  after  death  presents  facts  utterly  inex- 
plicaUe  on  llie  dt>f trine  of  tlip  sufficirnfy  of  tlic-  he-art.  1  have  already 
aierititincfl  the  tiupty  alate  of  the  systemic  arteries  ;  to  this  may  W  aild- 
«1  what  ii  often  witnessed — llie  distended  condition  of  the  pulmonary 
artrrv*,  inln  which  the  blood  haa  been  forced  liy  thr  expiring  l»eats  of  the 
right  rmtride,  hut  has  been  unable  to  get  throngli  tlie  pulmonary  capil- 
[oiea  bocaufic  of  the  cessation  of  respiration ;  but  in  other  cases,  where 
RRpinition  Iuih  etiine  to  nn  end  more  tranquilly  or  slowly,  the  left  miricle 
i*  fhll  of  bIoo<l,  whieh  must  have  been  driven  into  it  by  the  pulmonarj' 
cqnllaries.  In  sndden  death,  as  by  hanginj^  and  drowning,  the  nghl 
twui  ia  excessively  distended,  as  is  also  the  pulmonar\'  artery. 

Imiglit  proceed  to  add  to  these  other  facts  exhibiting  local  variaiiona 
oftlie  supply  of  blood  in  the  periodicities  of  the  system.  There  is  a  c£P- 
lun  amount  sent  to  the  brain  diu-Ing  the  day.  and  a  less  during  the  re- 
pose of  tJic  night;  in  the  muscular  system,  during  the  lime  of  its  action, 
Ik  quantity  demanded  is  greater;  in  its  state  of  inactivity,  lei=«.  A  con- 
Manl  and  invariable  neting  mocliinc,  such  as  is  the  heart,  could  by  no 
possibility  adjust  these  roriablc  supplies.  IJut  the  cases  here  offered  are 
tnon  than  enough,  and  It  remains  to  be  added  that,  though  not  one  of 
tiuni  can  be  explained  on  the  doctrine  of  tlic  sntficicncy  of  tlie  heart, 
tliere  is  not  one  which  ilocs  not  follow  as  a  necessary  conscqnencc  of  the 
4octrino  now  to  he  pre.<H'nted. 

On  this  Ticw.'tbu  ciirulation  is  conducted  in  the  following  manner: 

The  Irft  ventricle  of  the  lieurt  impels  the  blood  into  all  the  EspUnsitoncir 

■ortic  branches,  any  hackward  Tcgnrgilalion  inio  tlio  auricle  the  dmiUtiov 

benng  prevented  by  the  ahntting  of  ihe  mitral  valve;  the  **' 

fop-'       "  '  vrti  is  doconmosed  into  two  portions,  one  part  exerting  an  in- 

«lni  -  effect  on  the  blood  in  pressing  it  forward,  and  censing  in- 

i  fftaataneonsly,  and  thus  giving  origin  to  the  puUc;  tlte  second  fUstend- 

lil^  Uki  arterial  tultes,  but  not  being  lost  thereby,  siiice  their  elasticity 

[cMuea  tbcu)  to  contmcl,  and  the  semilunar  valves  at  the  origin  of  the 

■artn  being  at  this  perio<l  shut,  a  steady,  onward  pressure  tR  exerted  on 

[the  blood;  so  the  qmckJy -ending  airtion  of  ihc  ventricle  givci^  origin  to 

distinct  mcclianical  re.stdls— a  sudik-n  impact,  and  a  continuous  pn-ss- 

iBiB.     Thill  sufliri's  to  bring  tlic  blood  to  the  arterial  origin  of  the  cnpil- 

■Rit  beyond  that  point  the  action  of  the  heart  may  be  considered 

extend. 

The  relation  between  tlu;  intersp.iec)3  of  tlie  capillaries  and  the  blood 

ih'i  -  '  *  to  them  continues  Ihe  current.     The  parlictdar  mode  in 

liiHi  is  niauilcsled  diflem  in  dilfcrcnt  part*.     The  oxidiz- 

lazlenal  blood  hue  a  high  aflinity  for  those  portions  tliat  have  become 

«ib(ih1  :  it  eflcctfl  their  di^inlcgralion.  and  then  ils  affinity  is  lost.     The 

various  tissues  require  repair;  tliey  have  on  alliiuty  for  one  or  other  of 

K 
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the  constituents  of  the  blood ;  they  take  the  material  they  need  and  tbeir 
affinity  is  satisfied ;  or  secreting  cells  originate  a  drain  upon  the  blood, 
and  the  moment  they  have  removed  from  it  the  eabstance  to  be  secretedf 
they  have  no  longer  any  relation  irith  it.  So  processes  of  oxidation,  and 
processes  of  nutrition,  and  processes  of  secretion,  all  conspire  to  draw  the 
current  onward  from  the  arteries,  and  to  push  it  out  toward  the  veins; 
and  though  these  processes  may  present  themselves  in  many  Tariona  u- 
pects,  they  are  all  modifications  of  the  same  simple  physical  principle. 

The  blood  has  now  reached  the  veins,  and  is  forced  onward  in  them  by 
the  power  that  has  tlms  originated  in  the  capillaries.  The  influence  of 
the  heart  is  here  unfelt,  the  exhausting  action  of  its  right  auricle  is  nn- 
appreciable,  and,  thus  pushed  onward  from  the  capillaries,  it  reaches  the 
heart,  completing  its  systemic  or  greater  circulation.  This  circulation 
may  therefore  be  said  to  be  due  to  the  high  affinity  which  arterial  blood 
has  for  the  tissue-s,  venous  blood  having  none ;  and  the  action  of  the  heart 
is  confined  to  the  filling  of  the  arterial  tubes,  and  presenting  fiesh  por- 
tions of  blood  to  the  capillaries. 

Arrived  at  the  right  auricle,  the  blood  flows  continnoosly  into  it  and 
the  right  ventricle  for  a  moment,  but  the  ventricle  holding  more  than  the 
auricle,  the  latter  cavity  is  fully  distended  first.  At  that  instant  it  con- 
tracts, the  valves  in  the  veins  shutting,  and  the  blood,  driven  thus  forcibly 
into  the  ventricle,  distends  it  to  the  utmost.  The  ventricle,  in  its  tomf 
now  contracts,  the  tricuspid  valve  shutting,  and  the  blood  issues  forth 
through  tlie  pulmonary  artery,  its  valves  then  closing.  At  this  moment 
an  event  occurs  which,  in  these  descriptions,  is  generally  overlooked — an 
action  analogous  to  that  of  the  hydraulic  ram.  On  the  shutting  of  the 
tricuspid,  the  whole  column  of  venous  blood  would  be  brought  to  a  stop 
if  the  tubes  containing  it  were  unyielding,  and  a  great  force  would  be  gen- 
erated from  this  stopping  of  its  momentum  ;  but  the  auricle  is  ready  to 
dilate,  and  into  its  cavity  the  blood,  which  would  be  otherwise  checked, 
flows.  I  consider  that  this  safety  action  of  the  auricle  is  one  of  its  prime 
functions.  The  rapidity  with  which  the  dilatations  and  contractions  are 
taking  place  furnish  no  argument  against  tlie  occurrence  of  this  action. 
I  have  a  hydraulic  ram,  the  pulsations  of  which  may  be  so  adjusted  as 
to  exceed  greatly  in  freqnency  those  of  the  heart,  and,  indeed,  to  give  rise 
to  a  low  murmuring  sound,  and  yet,  under  these  circumstances,  the  lat- 
eral force  is  so  great  as  to  throw  a  column  of  water  more  than  forty  feet 
high.  If  it  were  not  for  the  dilatability  of  the  auricles  and  their  yield- 
ing texture,  the  veins  would  burst  on  the  shutting  of  the  tricuspid  valve. 

The  ramifications  of  the  pulmonary  artery  bring  the  blood  to  the  cap- 
illaries of  the  lungs,  but  beyond  that  the  influence  of  the  heart  is  not  felt, 
for  now  the  physical  principle  heretofore  described  comes  again  into  ac- 
tion.    The  venous  blood  has  a  high  affinity  for  the  oxygen  of  the  air,  an 
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aJERttr  wliich  is  Rntisficd  sfl  soon  aa  tlic  HooA  presents  itself  in  the  cclU 
ff  ihe  lungs.  Artorirtlization  Ijeing  nocompliahed,  the  portions  to  be 
rbtnged  ttxcrt  s  prc»:auFC  on  tliosc  tlmt  Iiav«  cluingoJ,  luul  the  blood,  idot- 
ing  forward  in  the  puimonary  veins,  reaches  the  left  auricle  of  the  heart. 
Ftir  a  moment  it  passes  into  the  left  auricle  and  ventricle  continuously. 
Utt  the  auricle,  being  of  Ices  capacity,  Blls  first.  It.  contracts  as  soon 
B  il  is  coniplctoly  full,  and  drivns  its  conte-ntA  into  tin;  left  ventricle,  tlis- 
Ipnding  it  to  the  niniowl.  The  ventricle  now  contmeln,  plmlting  the  mi- 
tnl  valve,  and  the  ram-h'ke  action  is  repented  on  this  side  of  the  heart. 
Bat  tlie  blood  expell^l  from  the  Tentricle  is  urged  into  tlic  aorta,  its  force 
Big  decomposed,  aa  before  dcxeribod,  one  p.irt  acting  instantaneously 
ux  impact  on  the  blood,  the  other  on  the  arbTial  walls,  and  on  the 
tint  moment  of  the  recession  of  tite  walls  of  the  ventricle  the  seinila- 
ftv  nilves  of  tlio  aorta  shut,  and  this  act  completes  oito  tour  of  ihe  cir- 
odaiion  of  the  blood. 

hi  this  description  I  luivc  said  nothing  of  tlic  circahuion  in  tbo  snlH' 

thncc  of  the  heart  \t^c]f,  since  it  wonld  have  led  to  a  noedleas  ooinpHca- 

ticB.     It  should  lie  ^cmcnl^'cred,  as  an  ilhtstration  of  the  working  of  the 

pfcyMcal  principle  here  ejKplaincd,  that  the  motion  of  the  blood  is  contrary 

ia  llie  greater  and  less  eircalntions,  compared  together.     In  the  former, 

Ik  cozient  is  from  the  crimson  to  the  blue,  in  the  hitter,  from  the  blue 

h  tirc  crimson  side. 

TliG  ociion  of  rhe  he.irt  is  therefore  limited  to  the  filling  of  tlic  arterial 

«0  as  to  present  to  the  CftpillaricM  a  constant  supply  of  ^ofw*   uue- 

There  seems  to  be  but  httle  suction  force  exerteil  worn  o»  Um 

6y  the  auricular  canties  for  the  emptying  of  the  veins.     'I*be  ^'**"  *  '**'*** 

nlvtllar  eonstmction  of  thciwi  vessels  economizes  evety  pressing  that  the 

Mfcles  may  exert  on  them  in  favor  of  llie  circulation,  for  e%'ery  such 

pfFBfare  must,  by  reason  of  the  valves,  force  the  blood  onward  to  the 

heart.     Tliirt  ia,  however,  only  an  incidoiital  rewull  of  the  same  character 

m  the  inlliii-nce  which  the  motioTis  of  n^spiration  exert.     They  may  be 

pn^xrly  OTcHookcd  in  a  geneml  statement  of  the  cstises  of  the  circnlation. 

By  Tti^rding  tlie  affmity  between  the  blood  and  the  tissues  with  wjiich 

tt  u  in  oonlact  as  the  great  primary  cause  of  tlic  circulation,  ynjg-,  fc-, 

Wfl  assiga  a  reason  frir  those  various  phenomeiia  which  can  npportingtiii* 

Mot  bo  accounted  for  on  Harvey's  iloctrine:  the  motions  in  "**'    " 

the  embryo;  the  {jerio<lic  and  local  variations;  the  portal  circulation; 

the  changes  in  the  current,  as  seen  under  the  microscope ;  the  movement 

in  the  capillaries  alVr  the  heart  is  c-ut  out ;  the  empty  condition  of  tlie 

uffaies  after  death;  the  phenomena  of  acardiac  fcetnses;  local  intUm- 

mationa  and  congestions  i  tho  gangrene  of  parts  while  their  capillaries 

are  per^nooj;  the  rrtarrlation  of  the  current  on  the  nppUcaiion  of  cold  or 

ff  carbonic  acid  gaa;  the  results  of  asphyxia  and  death  by  drowning  or 
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hanging ;  the  changes  of  pressure  in  the  arteries  and  veins  respectivdy 
during  a  check  on  the  respiration ;  the  vis  a  tergo  of  the  veins ;  the  ei^cts 
of  a  ligature  on  tliose  vessels ;  the  action  of  irrespixable  gases  when 
breathed,  and  the  opposite  conditions  when  oxygen  gas  or  protoxide  of 
nitrogen  are  used. 

Among  the  striking  proofs  of  the  truth  of  this  doctrine,  that  the  pri- 
mary cause  of  the  circulation  is  the  aeration  of  the  'Uood,  I 
woiJd  particularly  direct  attention  to  the  effects  which  en- 
sue in  the  moment  of  birth  at  the  first  breath.  That  intercommunication 
between  the  two  sides  of  the  heart,  established  through  the  foramen  ovale 
and  through  the  ductus  arteriosus,  is  suddenly  put  an  end  to.  But  this 
is  not  through  any  change  in  the  mechanism  of  the  heart  itself^  nor  he- 
cause  of  any  interruption  in  the  action  of  the  placenta.  It  is  solely  be- 
cause of  the  calling  into  operation  of  the  principle  we  have  been  here  en- 
foreing.  ThrougJi  the  contact  of  the  cold  air,  or  other  causes  which  might 
be  assigned,  the  inspiratory  muscles  make  their  first  contraction  and  dis- 
tend the  lungs.  At  that  instant,  the  commencing  arterialization  produces 
a  pressure,  in  the  manner  I  have-  explained,  of  the  venous  upon  the  now 
arterialized  blood  in  the  vessels  of  the  pulmonary  cells.  There  is  no 
other  possible  issue  to  such  an  action  than  an  instant  drain  upon  the 
heart.  The  pulmonary  or  less  circulation  sets  in  with  fiiU  vigor.  The 
blood  is  not  driven  by  the  heart  to  the  lungs,  bnt  drained  by  the  lungs 
from  the  heart.  If  it  were  the  heart's  action  that  occasioned  this  sudden 
increase  of  force,  because  of  the  strain  thrown  upon  it  tlu-ough  the  shut- 
ting off  of  the  influence  of  the  placenta,  it  is  inconceivable  why  the  cur- 
rent shonld  not  continue  to  move  through  the  great  avenues  already  open 
to  it  from  the  right  to  the  left  auricle  through  the  foramen  ovale,  and 
from  the  right  ventricle  into  the  aorta  through  the  ductus  arteriosus. 
The  arrest  of  its  motion  through  these  channels  distinctly  establishes  that 
the  seat  of  the  new  action  is  in  the  lungs,  and  the  final  closure  of  the 
foramen  and  shriveling  of  the  duct  confinn  the  correctness  of  this  con- 
dusionl 

Though  it  does  not  strictly  belong  to  the  subject  now  under  consid- 
eration, I  can  not  avoid  impressing  on  the  reader  the  suddenness  of  the 
effect  that  thus  ensues  on  the  taking  of  the  first  breath.  It  is  a  crisis  in 
the  history  of  development.  Of  these  changes  by  crisis  much  more  will 
be  said  in  the  second  book,  and  their  important  bearings  on  tlie  theori- 
of  physiology  pointed  out.  It  is  enough  for  the  present  purpose  to  com- 
mend to  the  attention  of  those  naturalists  who  deny  that  physiological 
crises  ever  occur,  the  facts  which  have  been  considered  in  the  preceding 
paragraph. 

A  doctrine  which  accounts  with  simplicity  for  such  a  long  list  of  mis- 
cellaneous facts  commends  itself  to  our  attention  at  once.     There  are, 


Hawertir,  coDFidenitioiis  ot'a  still  wcigblier  clianicter,  whicli  must  compel 
tu  to  adopt  it.  The  ailinity  between  tlie  Uluoil  and  the  parts  with  which 
it  is  bniaghe  in  contact  ia  a  chemical  liict  be3'ond  contradiction.  The 
prcuorcfl  and  motions  I  have  been  speaking  of  tbllon*  as  thn  inevitable 
conswiucnccs  of  that  aftiiiity.  We  can  not,  therefore,  gainsay  their  ex- 
istetnA  in  the  living  mcchaiiism,  and  the  only  donbt  wr  can  entertain  ia 
u  lo  whether  they  arc  of  competent  power  to  produce  all  tlie  ofTucts  be- 
iwo  OB.  Bat  after  what  has  hocii  already  said  resj)Ccting  the  enei^  of 
tsdoanotic  moven]eiit»  displayed  against  pressures  of  many  atmospheres, 
irr  nay  abandon  those  doubts :  and  since  we  have  bore  a  force  of  uni- 
maality  enough,  and  intenpity  enough,  and  in  every*  instance  acting  in 
ibc  right  direction,  it  would  lie  nnphilosophical  to  loijk  farther,  since  such 
•  force  miut',  undfr  these  conditions,  exist  in  the  physical  necessity  of 
Die  CUB. 


CHAPTER  IX. 

OF  BESPIBATION. 

%»'i||liw  mtmimti  aad  nmomt  aeriaJ  StJatW*. — Caaktttnct  o/*  Rffirnlonf  (ott  Urmanf 
(iftmi  M  /taVv, — /V^M'-it/  aiut  rJkraiifiU  C^nrA'fi'rMU  o^  tim/iiralifm. —  Intrritiriiil  ^fo^rmmllI 
^Sotidt,  iJjiAit,  tutJ  (ftueM.-—(huiiilion  of  tjp^hrimiH  in  iht  IMff'mmon  of  ilutrt, —  Qw>  ' 
Aiw"*g  Aeliam  tjf  Urmbniamii. — f'\nm*  ijf  Ut^tiirihut/  Afn^num, —  ITk  Imh^  ijf'  Sttm.^ 
Jinf  StOffrui  Ml  l^t  Itdmb^itm  o/*  Air:  Atmatjtieric  i'rraimre,  iMffwmim  u/*  Catir*,  >uj 
OHfaMNC^  Ay  jVemAnuM. — Eithim^  of  Oarbame  Add/or  Ory^.*. — fJivistoaa  oftk*  Com- 

mUtfdU  IjmgL — Variatioiu  m  A§  rxjiirtd  Atr, — Rmovaiof  Waltr.— Fffrd  i^ irrfrpir<i- 

U  Com*. — ErptrimaU  ^Rfjfimdt  md  HeUet. — AerviNW  Iijimanoi  comxnmi  in  liujiinitkm. 

-'Hemlls  of  Ii**piratiiM. 

SotCK  it  is  esMntiolly  necessary  to  the  life  of  all  animals  tltat  the 
UocmI  iihoald  pass  to  every  part  of  the  system,  provision  must  c>bjo<i»  of 
I4  RMdc  for  securing  aeration.  The  breathing  apparatus  is  the  f«i'»™''«>- 
#lun,  or  some  extension,  reflection,  or  niodifieaiion  of  it. 
r£6side«  the  great  duty  of  originatuig  the  circulation,  respiration  is  con- 
with  others  of  &pia\  importance.  The  functional  activity  of  the 
snvufl  and  muscular  tiaanea  is  dependent  on  their  oxidation,  and  thia 
Bplies  the  inirmluction  of  air.  Tn  each  trilxi,  moreover,  it  ia  neceaoary 
Elo  kvrp  the  tempcmture  up  to  a  spetnltc  point.  This  also  is  accomplished 
\y  oxidalirin,  eitlier  nf  the  disintegrating  material  which  is  passing  to 
wmate,  or  of  combustible  substances,  such  as  sugar  or  fat 

All  organic  mate-rial,  at  its  death,  eventually  gives  origin,  „^  roAactM 
nndontbe  action  of  the  air.  to  two  products  with  which  the  ottimat  ntu- 
lioo  of  tcipiralion  is  mainly  conoemod.     These  products  ""T'"'***' 

acid  Bod  water.     Witii  the  exception  of  gelatin,  the  other 
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respiratoiy  elements  of  food — fat,  sugar,  starch,  &c,  yidd  these  two  pro- 
ducts alone.  The  nutritive  elements  give  rise  to  nitrogenlzed  compouztda 
in  addition.  The  conditions  of  life  are  such  that  carbonic  add  can  not 
be  permitted  to  accumulate  in  the  system,  and  means  have  therefoxe  to 
be  resorted  to  for  its  removal.  The  introduction  of  oxygen  and  excre- 
tion of  carbonic  acid  are  accomplished  by  the  same  mechanism,  the  longs, 
the  action  of  which  is  dependent  on  a  physical  principle. 

Under  its  simplest  condition,  respiration  consists  in  the  passing  of  car- 
RMpiraUon  u  ho™c  ^^  with  the  vapor  of  water  from  the  system,  and  the 
cottnecwd  with  reception  of  oxygen  in  exchange.  The  construction  of  the 
pmviunMtter  apparattis  which  accomplishes  this  double  duty  in  atmoa- 
(">b'-  pheric  animals  is  such  that  it  can  deal  with  substances  in 

the  aerial  state  alone.  Notliing  can  be  introduced  through  the  lungs  or 
escape  therefrom  except  it  be  in  the  gaseous  or  vaporous  form.  All 
those  products  of  disorganization  which  are  not  presented  under  this  con- 
dition must  therefore  be  removed  by  other  organs,  and  this  is  more  par- 
ticularly done  by  the  kidneys. 

But  in  aquatic  animals,  as  in  fishes  generally,  there  is  not  this  restric- 
CoaieiMnce  of  tion  Or  concentration  of  function,  for  the  gill,  being  in  contact 
tadaHaujw-  ^^^  water,  offers  a  channel  for  the  passing  away  of  many 
gaiu  in  fishea.  products  of  waste  wliich,  from  their  non-aerial  state,  could 
never  escape  through  a  lung,  and  so  I  regard  this  organ,  the  gill,  as  in  a 
measure  sharing  the  duty  of  a  kidney  in  eliminating  nitrogenized  and 
perhaps  saHne  matters.  Comparative  anatomists  have  long  T&xgaixiei 
that  the  so-called  kidney  in  fishes  approaches  in  character  the  Wolffian 
bodies  largely  developed  in  the  fcetal  condition  of  man.  I  am  disposed 
to  believe  that  the  physical  interpretation  of  this  depends  on  the  fiwrt  now 
before  us,  and  that  the  gill  in  fishes,  and  the  placenta,  in  part,  in  mam- 
mals, discharge  at  once  the  double  office  of  a  respiratory  and  urinary  or- 
gan. It  is  consistent  with  the  scheme  of  organic  design  that  there  should 
be  this  separation  and  concentration  of  function  as  development  takes 
place. 

These  considerations  woold  therefore  lead  us  to  expect  that  we  shoold 
find  in  the  respiration  of  air-breathing  animals  that  function  in  its  purest 
and  least  complicated  form,  and  this  is  accordingly  the  case.  If  it  be 
merely  the  skin  that  is  reUed  on,  as  in  the  low  orders  of  aerial  life,  or  if 
the  mechanism  be  constructed  on  the  type  of  carrying  the  air  to  the 
blood,  as  in  insects,  or  that  of  carrying  the  blood  to  the  air,  as  in  man, 
the  operation  consists  essentially  in  the  escape  of  carbonic  acid  and 
steam,  and  the  reception  of  oxygen  in  return. 

Respiration^  like  circulation,  fiimishes  us  with  a  signal  instance  of 
the  employment  of  purely  physical  principles  for  the  accomplishment  of 
physiological  puxpoaes.     It  is  with  the  pressiure  of  the  atmosphere,  tint 
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ffiboon  of  gaseB,  And  tbc  oomlcnsing  action  ofmcmlimiKK,  ,  ^  ^  ^ 
iliit  we  Imve  uow  to  deal.  These  {^vc  us  8o  iirtK:!^^  and  j>cr-  .'i|>i»  ijoiw  n- 
gpicaoos  AH  explanation  of  the  act  of  breathing  that  it  ia  ^l^^^*'*^ 
Dcedlesa  to  look  buyonii  tbetn ;  yet  on  liiat  net  (lej»cinl  the  rwiiirasory  eu- 
U(bo0t  opcrBlioiis  of  Uic.  In  this  jiarticular  the  t>i;ripturca  ''  "'^' 
hiK  summed  up  the  deductionn  of  modem  physiology  in  a  aijiglc  lino — 
»o  metaphorical  ejtpresaiou,  but  the  simple  asscnion  of  a  truth:  llu 
"brcatiicd  iuto  his  uostrila  tiie  brcatli  of  liic,  and  niau  became  a  living 
woL" 

Of  the  pliysical  principles  now  to  be  tlejUt  wiih,  it  is  unneecasary  to 
tax  any  thing  respecting  the  pressure  of  the  atraosplicre.  since  that  is 
*(J1  unJcri^tood ;  but  not  so  with  the  phenomena  of  tlic  lUftusion  of  gas- 
is,  nad  t}te  condensing  action  of  membranes.  Though  tlieso  are  subjects 
aliich  Iiave  been  particularly  examinwl  by  American  phygicians,  tlie  (acts 
lUej  have  cliciletl  arc  little  known  abroach  For  example,  the  errur  of 
Vftirntin'^  stateniont  res[)eeting  the  difftLsiun  exchanges  of  carbonic  acid 
Mil]  oxygen,  anil  the  usclessness  of  tlic  elaborate  discussions  which  hare 
w^innatiK)  therefrom,  would  at  once  have  been  recognized,  hod  attention 
ben  directed  to  tiK  facts  devclopoil  here  almost  twenty  years  ago. 

IntcTfttifial  motions  arc  r-xliibilcd  by  solids,  liquids,  and  gases.     I 
biir  had  occasion  to  examine  llomnn  silver  coini?,  iTom  the  luirreiiiui 
interior  of  which  the  oop[iex  originally  present  had  made  its  ^|'i™d''pj 
Hiy  otit  to  the   surface,  fonning  liie   gTceuii<b  incrustation   ui<l*. 
laoim  as  patina  by  antiiiuorians,  the  silver  being  left  almost  pure.      In 
peaking  of  abaorjiiinn  by  the  blood-vessels  in  Chapter  VI.,  we  liad  oc- 
lo  rlwtdl  U{Htn  tho  same  pr(f[H-.nsity  an  nhown  by  liquidiS  the  ctn- 
>Bis  of  Dntrochct  being  an  example  of  it.     The  ready  mobility  of 
ifab  group  of  bodies,  arising  trom  their  diminished  cohesion,  greatly  pro- 
taot»  these  effecls.     ilr.  Boyle  collected  a  nuinixir  of  ca«»  of  solid  move- 
aenta  iu  his  tract  on  the  languid  motions  of  bodies. 

Gbmb  and  vapors,  by  reason  of  their  total  want  of  cohesion,  present  the 
I  most  striking  examples  of  these  efli^tU^.  Their  propensity  to  intcnnin- 
i  gle  with  csaeli  other  is  mauilestedi  even  though  they  be  obhged  to  pass 
through  awioes  or  winding  pasaages.  One  of  the  first  instances  to  which 
attention  was  lUrectcd  occurred  under  the  observation  of  Dr.  Prir>tie;'a  oit- 
I'ricilley,  who  found,  on  i>a!«fting  steam  llirough  an  earlhen  I^7"od!Lni«« 
tnbti  jdaood  in  a  furnace,  that  air  would  Iw  delivereil  at  the  uTkh^^. 
fartliL-r  end.  For  some  time  he  suppoe>ed  that  tlus  experiment  demon- 
■trsiod  the  onuvcrsion  of  water  into  uir  by  a  great  heat,  but  eventually 
tnoed  tt  to  its  proper  cause — the  escape  uf  the  steam  outwatd  through 
the  pores  of  the  earthen  tube,  aud  the  intrusion  in  the  opposite  direc- 
tion of  idr  from  the  furnace.  This  singular  ex))erimcnt  may  be  well 
shown  by  attempting  to  pass  steam  through  a  rud-hot  tobacco-pipe,  the 
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end  of  which  dips  beneath  some  water.     A  torrent  of  gas  babbles  will 
escape. 

Mr.  Dalton  demonstrated  that  if  a  light  gas  be  placed  above  a  faeav^ 
Daiton'sexper'  gas  in  a  Suitable  apparatus,  the  former,  notwithstanding  its 
SriMrf'  levity,  will  descend,  and  the  latter,  notwithstanding  its 
gun.  weight,  will  rise,  and  a  complete  and  uniform  intennixtnre 

will  result.     By  such  experiments  he  was  led  to  believe  that      '' "  "^^    • 
gases  act  as  vacua  to  one  another,  and  correctly  explained  the 
uniform  composition  of  the  atmosphere  on  this  property  of  dif- 
fusion, or  tendency  of  its  constituents  to  intermix. 

Thus,  if  a  vial  filled  with  hydrogen  be  placed  with  ita 
mouth  downward  over  the  mouth  of  a  vial  of  the  same  size 
containing  carbonic  acid  gas,  as  shown  at  A,  c,  Fig.  67,  in  the 
course  of  a  few  moments  the  difiiiBion  will  be  complete,  and 
if  the  mixture  in  either  vial  be  examined,  it  will  be  found  to 
contain  equal  quantities  of  the  gases. 

Professor  Graham  extended  Dr.  Priestley's  observations  on 
Gnham'B  ex-  *^^  passage  through  porous  tarriers.  The  sub- 
perimentawith  fltance  he  chiefly  employed  was  a  mass  of  dry 
•*""*'  plaster  of  Paris.     This  enabled  him  to  prove  tliat 

in  the  case  of  different  gases  diffusion  takes  place  at  different 
rates,  which  are  dependent  on  the  density  of  the  gas.     Per- 
haps the  most  satisfactory  metliod  of  illustrating  this  class  of 
Diffusion  results  is  by  taking  a  porous  earthenware  cup, 

throughporons  a  a.  Fig,  68,  such  as  is  used  in  Grove's  voltaic 
*■"*"*•  batteiy,  drying  it  perfectly,  and  cementing  into 
its  mouth  an  open  glass  tube,  J,  three  quarters  of  an  inch 
in  diameter,  and  a  foot  or  more  long.  A  wide-moutlicd  bot- 
tle, c  c,  being  placed  as  a  temporary'  cover  over  the  porous 
cup,  it  may  be  filled  with  hydrogen  gas  by  displacement ; 
and  if  the  end  of  the  glass  tube  be  put  into  water  contained 
in  a  reservoir,  d,  the  water  will  rush  up  the  moment  the 
bottle  is  removed.  When  this  motion  is  completed,  if  a  jar 
of  hydrogen  be  held  over  the  porous  cup,  the  water  will  be 
driven  down  with  great  rapidity,  and  a  number  of  air^bub- 
bles  quickly  escape.  The  extraordinary  speed  with  which 
a  gas  will  flow  in  and  out  of  pores  could  not  be  better  dis- 
played. This  rapidity  of  motion  is  an  element  with  which 
the  physiologist  has  to  deal,  as  we  shall  presently  find. 

Kven  when  the  texture  of  the  substance  is  much  closer,  and  the  pores 

Diffniion      of  extreme  minuteness,  similar  results  can  be  obtained,  as  was 

ihrongh  In-  shown  in  the  experiments  of  Dr.  Mitchell,  of  Philadelphia,  who 

'   employed  thin  sheets  of  India-rubber.     If,  over  the  mouth  of 
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bottio*  8udi  a  thin  tissue  Iw  (ighily  tied,  and  the  bottle  placed 
in  ID  atOHupherc  of  carbonic  ncid  gas,  movement  at  once  takes  place,  a 
lilUe  nir  flo\ving  out  of  the  bottle  into  tlte  carbonic  acid*  and  so  largo  a 
quantity  of  the  acid  paasJng  tlic  opposite  way 
that  the  India-rubber  hoou  kwi-IIh  uutward, 
and  eventually  caps  tho  bottle  like  a  dome,  as 
in  J^iff.  tiit.  at  A.  Or,  if  the  conditions  ho  re- 
versed, the  bottle  being  tilled  with  carbonic 
acid,  and  then  exposed  to  tlic  atmosphere,  the 
India-rubber  will  be  depressed,  as  at  a,  and 
stretch  so  as  almost  to  sink  to  tlie  bottom. 
Such  cjcperiiuents  therctbre  prove  that,  even 
tboagh  barriers  of  a  very  close  texture  should 
intervene,  gases  will  pass  througli  tlicm,  and 
filh  M  much  force,  as  Dr.  Mitchell  showed,  tliat  ninny  inches  of  mercury 
My  be  lifted,  nor  does  the  movement  cease  tintil  the  gases  on  both  sides 
rftlf  membrane  have  the  same  compoaiiion, 

Oihcr  substances  having  a  closo  texturu  may  be  thus  readily  pcrmea- 
lai    1  found  that  a  little  bbddcr  of  shellac,  blown  on  the  Emparimenu 
flxlof  8  glass  tnbe,  permitted  the  passage  of  the  vajwr  aris-  J^j*  •**!>•'*'»• 
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rifto 


and  lilt- 


ing from  water  of  ammonia.     The  ui-l*- 

^^^^^^^    instantaneousness  of  these  motions  is,  how- 

f  ever,  moat  bonutifuUy  illustrated  by  employ- 

^^b  ing  soap-bubbt(^R,  the  lii^uid  nature  of  which 

^^^^^  excludes  the  idea  of  pores  iu  the  strict  aocepta- 

^^^^^^^^k  tion  of  that  term.     If  a  bottle,  a  ti,  Fifj.  70,  b« 

j^^^^^^V^\  rinsed  out  with  ammonia,  and  then,  by  means 

I^^^^B^A     1'         of  a  piece  of  glass  tube,  6  £,  a  8oa|>4nibble,  c. 

^^^^H^Hj    J  be  blown  tlicrein,  the  air  from  the  Imbfale  be- 

^^^^^^^jmm  ing  immediately  drawn  into  the  mouth  with- 

imSS^^^^r  OM     **"^  *  moment's  delay,  the  strong  taste  of  the 

iknn^atma.  ammonia  is  (Terceivcd.     C>r  if  n  rod,  dipped  in 

t^drochloric  acid,  bo  presented  lo  the  projecting  end  of  ihe  glass  tube, 

copious  white  fumes  arise.      This  tlierefore  shows  that  vapors  will  pass 

ihroagfa  batriers  having  no  proper  pores,  the  transit  taking  place  instan- 

Mneotuly. 

Soap  films  enable  as  to  demonstrate  the  ondosmosis  of  gases  in  a  very 
•dfmntageons  manner,  owing  to  their  cohesiwness  and  thinness.  If  the 
fiager  be  dipped  in  soa[>*water,  and  then  rapidly  passed  over  the  month 
of  «n  ompty  bottle,  so  as  to  leave  a  horizontal  Him  attached  across^  on 
exponog  the  bottle  to  carbonic  acid  gas,  the  horizontality  of  the  film  it 
ioniMdnitely  disturbed,  and  it  soon  swells  up  into  an  almost  s]>lierica] 
Or  if  the  bottle  be  tilled  with  carbonic  acid,  and  tlien  exposed 
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to  the  air,  the  film  is  promptly  depressed  into  a  deep  concavity,  and 
bursts.  By  these  metliods  the  passage  of  all  kinds  of  vapors  and  gases 
may  be  demonstrated,  oxygen,  hydrogen,  carbonic  acid,  protoxide  of  ni- 
trogen, the  vapors  of  peppermint,  lavender,  and  various  essential  oils. 

By  many  experiments  on  such  different  substances,  I  found  that  the 
I  (iwof e.  uiiib-  ^^  °^  equilibrium  for  gases  and  vapors  is  the  same  as  for 
num.  umI  ex-  liquids.  Ko  matter  what  the  thickness  or  thinness  of  a  po- 
Buip  eg  0  It.  ^^^  barrier  may  be,  movement  takes  place  through  it,  un- 
til the  media  on  its  opposite  sides  have  the  same  chemical  composition. 
The  observed  action,  in  particular  cases,  will  therefore  altogether  depend 
on  the  circumstances  under  which  the  experiment  is  made.  A  soap-bab- 
ble full  of  carbonic  acid,  exposed  to  the  air  in  a  closed  bottle,  coUapaes 
only  to  a  certain  extent,  when  the  percentage  constitution  of  the  air  it 
contains  is  the  same  as  tliat  of  the  air  in  the  bottle,  contaminated  with 
the  carbonic  acid  which  the  bubble  has  yielded  it  But  if  the  bubble  be 
exposed  to  the  free  atmosphere,  it  collapses  almost  completely,  for  now 
the  carbonic  acid  escapes  finally  away. 

One  of  the  most  interesting  facts  connected  with  tliese  results  ia  die 
\ctionthroui:h  P^^^^c'  manner  in  which  a  film  of  excessive  tenuity  will  dis- 
itims  of  ex-  charge  these  mechanical  functions.  With  a  little  care,  a 
trcrn.-  toiimty.  ^.j^  ^^^  ^  obtained  so  tlxin  as  to  be  invisible  except  in 
certain  lights,  when  it  presents  a  velvety  black  aspect  >  In  this  condi- 
tion,' as  Newton  has  proved,  it  is  not  thicker  than  three  eighths  of  a 
millionth  of  an  inch,  yet  endosmosis  takes  place  perfectly  through  it :  it 
expands  and  collapses,  rises  up  into  a  dome,  or  is  depressed  into  a  con- 
cavity, as  the  circumstances  of  its  exposure  may  be.  And  this  shonld 
prepare  us  to  admit  that  in  organic  tissues  of  the  utmost  d^;ree  of  tenu- 
ity these  physical  phenomena  may  occur,  and  tliat  even  und^  tliese  most 
unlikely  circumstances  such  tissues  may  give  origin  to  mechanical  forooB 
of  the  greatest  intensity,  as  we  shall  now  prove. 

CJraham's  law  of  the  diffusion  of  gases  lias  but  a  very  limited  physio* 
I  r  bii't  l<^gical  application.  The  introduction  of  it  in  cases  to  which 
of  Graham's  it  docs  not  properly  apply  has  led  to  several  errors.  There 
'*^'  is  nothing  common  in  the  result  of  the  movement  of  gases 

exposed  freely  to  one  another,  and  exposed  with  the  intervention  of  a 
cIoBC-pored  tissue.  The  tissue  itself  gives  origin  to  mechanical  force  of 
suci)  intensity  as  not  only  to  modify  tlie  diffusion  rate,  but  in  a  great 
many  of  the  most  important  cases,  absolutely  to  invert  the  direction  of 
the  motion.  .  Thus,  through  a  stucco  plug,  in  whicli  the  pores  aie  of 
sensil)le  size,  atmospheric  air  passes  more  rapidly  to  carbonic  acid  than 
carbonic  acid  does  to  it  but  through  the  thinnest  film  of  water  just  the 
reverse  takes  place.  A  bubble  full  of  tliat  acid,  exposed  to  the  air,  lets 
it  escape  with  so  much  rapidity  that  in  a  few  moments  a  complete  col- 
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lipse  faia  occnn^.     If  tlio  law  of  diiTuHion  hvotc  lielil  gixnl,  tfao  bubble 
•hoald  npidir  distend. 

Moijt  membmnea  aiwl  filma  of  water,  l)y  reason  of  their  chemical  affin- 
ity (iff  gaseous  aubstanwtt,  and  tlioir  consequent  condensing  coiutattlm*^ 
actkn,  become  tbe  origin  of  great  medianiatl  power.     Under  UoDorvMa. 
ndi  conditions,  I  tiave  seen  carbonic  acid  poes  into  atmos-    '"^' 
plnric  air.  driven,  as  it  were,  by  the  action  of  the  membrane  agaiiut  a 
pfewnn  of  ten  atmusptiercit,  ami  sulpliureted  liydroguu  a^^aitist  a  pres- 
MDc  of  twenty- live  atniosphcres,  and,  even  agninst  these  groat  icsistonccB, 
the  passAgc  ia  accoiaplb^hcd  vritli  bo  mudi  promptnesa  aa  to  lend  to  the 
ioAmtcc  tliAt  a  tnenibrane  wUl  cause  one  gas  to  diffuiic  into  another,  even 
ilwDgfa  the  apparent  rej)iatancc  be  indefinitely  great. 
/vii.  in  -Fi^.  71  ia  ^ven  a  representation  of  the  arrangement  by 

whicb  these  reeiUls  were  obtained.  It  coiisistx  of  a  strong 
glas«  tube,  seten  incbes  or  more  in  length  and  balf  an  inch  in 
diameter,  licnncticaUy  closed  at  one  end,  through  wtiich  a  pair 
of  platina  wircfi,  &,  c,  pass  into  the  interior  of  tlu^  tube  parallel 
but  not  toniJiing.  Tlw  otlicr  end,  a  tt,  lias  a  lip  or  rim  turned 
on  it.  TlctTcern  the  platina  wire«,  a  gaugc-iubo,  d-,  is  dropped, 
to  shoir  the  amount  of  condensation.  On  the  top  of  the  gauge- 
tube  a  small  test-tiilxi,  J",  itf  placed,  to  contain  a  reagent  suited 
to  tbe  gas  under  trial,  as  limo-waler  for  carbonic  acid,  acotato 
of  lead  for  sulphurotod  hydrogen,  lilmus-watcr  for  sulphurous 
add.  Simtiiiniea,  instead  of  thirt  teat-tube,  a  ])icoc  of  popeT) 
8oalte<]  in  tlie  prdpcr  nvigent,  was  employed.  The  5i,^or»  of  iIm 
large  tube  was  llien  tilled  with  water  to  the  height  ^o««  of  Ini^- 
€  f.  lis  lip  or  rim,  a  a,  being  next  smeared  with 
hnmt  ludia-rubhcr,  to  insure  absolute  freedom  from  leakage, 
n  thin  ahect  of  Lidia-rabber  was  tied  tightly  over  it,  and  ov^r 
this  again,  to  give  strength,  a  very  stout  piece  of  silk.  Every 
thing  bong  thua  orntnged,  the  projecting  wires,  li,  c,  were  connected  with 
a  voltaic  pilci,  decom[MjsitJon  of  tlic  watvr  en^utHl,  oxygen  and  hydrogen 
blBig  dinengnged,  and  a  condensed  mixture  of  atmospheric  air  and  those 
fuat  Accumuhitcd  in  tlie  space  a  a  e  e,  the  gauge-tube  showiug  tlic  ex- 
tent to  which  (he  condenfiation  had  gow-  Now  if  the  little  tubr,^  had 
bosa  fillc*]  previously  witli  time-water,  and  the  whole  amtngenicnt  w.19 
iotroducwl  into  a  jar  of  cnrbouic  acid  gan,  the  up|>er  purl  of  the  lime- 
wxter  presently  beoaine  milky,  and  after  a  time  a  copious  precipitate  of 
awbaoati!  of  bmo  subsided.  This  would  readily  take  phice  when  tbe 
gBBgo  me  indicating  a  preasure  of  tt'.n  atmoHplirntd.  In  hke  mamiur, 
wben  a  piece  of  jia^Hr  imbued  with  carlionntc  of  lead  had  lieen  introduced 
inlo  the  tube,  and  a  prci^fnirc  of  24:^  ntmoi^phores  neciimulatod.  on  intro- 
tlic  instrument  iut\)  a  vessel  of  sulphurctcd  hydrogen,  the  paper 
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quickly  became  brown.  So  snlphureted  hydrogen  can  pass  through  a 
sheet  of  India-rubber  and  diffiise  into  an  atmosphere  of  oxygen,  hydro- 
gen, and  atmospheric  air  beyond,  though  it  is  resisted  by  a  pressure  eqnal 
to  that  of  800  feet  of  water. 

The  method  of  condensation  here  employed,  because  of  its  freedom  from 
mechanical  concussions,  enabled  me  to  continue  these  researches  up  to 
pressures  of  50  atmospheres  without  leakage,  in  comparatiTely  slender 
tubes,  and  even  under  these  circumstances  gaseous  diffusion  seemed  to 
take  place  without  any  restraint 

It  would  lead  me  too  fer  from  my  present  object  to  pursue  the  con- 
Genera!  facta  alteration  of  thesc  facts,  and  I  must  therefore  be  content  to 
connected  with  refer  the  reader  to  the  memoirs  in  which  they  hare  been  ape- 
diffiiMon.  cially  discussed.*  It  is  sufficient  to  understand,  1st  That 
gases  simply  exposed  to  each  other  inteinlifftise  with  great  rapidity,  and 
at  a  rate  inversely  proportioned  to  the  square  root  of  their  densities ;  2d. 
That  the  same  takes  place  through  stucco  plugs,  or  diaphragms  with  open 
pores ;  3d.  That  a  gas  dissolved  in  a  liquid,  or  held  in  a  condensed  state 
by  a  solid  mass,  will  exchange  by  inter-difFuaion  with  any  atmosphere 
to  wliich  it  may  be  exposed,  in  thesc  cases  the  liquid  or  the  solid  mass 
becoming  a  source  of  force ;  4th.  That  through  a  liquid,  which,  of  course, 
lias  no  pores,  gases  arranged  on  its  opposite  sides  will  difRise,  but  their 
rate  is  no  longer  expressed  by  Graham's  law ;  5th.  That  a  liquid  hold- 
ing a  gas  in  solution  permits  it  to  diffuse  with  another  gas  held  by  an- 
other liquid  in  solution. 

On  the  first  of  these  principles,  the  fresh  air  of  the  bronchial  tubes  ex- 
changes with  the  respired  ^r  of  the  pulmonary  cells,  the  case  being  that 
of  a  gas  exposed  to  a  gas.  On  the  third  of  these  principles,  arterializa- 
tion  of  the  blood  takes  place,  the  case  being  that  of  a  dissolved  gas  ex- 
changing with  a  free  gas;  and  on  the  fifth  of  these  principles,  aquatic  or 
gill  respiration  depends,  the  case  being  that  of  a  dissolved  gas  exchang- 
ing with  another  dissolved  gas. 

Under  its  simplest  aspect,  the  act  of  breathing  consists  in  the  elimina- 
_  .  .  tion  of  carbonic  acid  from  the  system,  and  the  introduction 
of  respiratoiy  of  oxygcn.  The  maimer  In  which  the  respiratory  snrfiuK 
mechanism.  frees  itself  froni  the  former,  and  secures  new  supplies  of  the 
latter,  differs  very  greatly.  In  the  lower  orders  which  lead  an  aquatic 
life,  currents  are  establidied  in  the  water  by  the  aid  of  ciliary  motion,  and 
by  these  the  necessary  changes  arc  made.  In  others,  in  which  respirar 
tion  is  conducted  by  the  skin,  incessant  locomotion  is  relied  on ;  and 
again,  in  others,  the  water  is  drawn  into  the  stomach  and  intestinal  canal, 
and  every  part  bathed  with  the  aerating  medium. 

In  insects,  the  type  of  carrying  air  to  the  blood  is  developed  to  the  ut- 
*  Americui  Joaraal  of  Medical  ScieoceB,  Ms;,  1688. 
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tnoBt  Jogree,  there  being  great  numbers  of  tracli«i!  tubes  pervading  all 
the  soft  parts.  These  occflslonailj-  [lu'i^iiil  dilatations,  uctiiig  as  roscr- 
roif*— ibe  forcAhailoTriiig  of  the  respiratory  cavities  of  llic  higher  tribes. 
Of  tnch.  >Z?.  72,  reproKcnting  the  air-Bacs  or  tracheal  dilBl«tionH  of  the 
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•wilt  hortorani,  u  an  illustration.  ITie  tracheal  tubes  BHpintlim  »f 
'•niiinuiicBle  with  the  external  air  through  openings  whiidi  i"»«^'»- 
n»j  be  obfitnicted  by  a  valvular  arrang^-mpnt,  aa  re|iregentcd  in  /f^.  73. 
The  photograph  from  which  this  figure  wns  taken  sbowB  auch  a  apiracl« 
nupiififd  75  diameters.  These  organs  may  be  seen  arrang»>d  in  rows 
wieKh  iiido  of  the  body;  thus,  in  ihc  common  caterpillar,  there  arc  ton 
fain,  Tlic  mode  of  goarding  iho  orifice  varies  la  difl'ercnl  cases,  some- 
tiiBea  tufts  of  hair  being  resorted  to,  and  Domctinieis  as  in  tltc  tiguru. 

The  trup  lung  is  tirst  recognized  in  the  swimming  bladder  of  fishes  as 
J  Etmple  BBC  In  the  carp,  t\w  tendency  to  n  multi-cliambcred  constme- 
hM  already  appears  under  the  form  of  two  such  bladders,  a,  h,  eommuni- 
'^9-  ■*■  eating  with  each  oth- 

er throngh  a  narrow 
liilw.  These  are  con- 
nected with  the  ceaoph- 
ogns,  o,  by  meuiB  of 
the  pipe  e  d,  the  fish 
being  tTius  enulildl  tn 
mnovo  ai  plea^nn  a  part  of  the  air  contained  in  the  sacs  by  tnuscnlar 
n>mpn«Aon.  Thongh  this  mephniuKm  is.  as  we  have  said,  a  mdiment- 
ar^'  lung,  it  does  not  pm[>crly  subscn'e  tlic  duty  of  anch  an  organ,  but  is 
«nplo>'od  (ot  producing  ^-ariations  in  the  specilic  gravity  of  the  animal 
Lby  cntnpjtasion  or  rarefaction  of  the  included  air.  In  these  RMftinOonof 
ibea  cIm  gills  are  the  uiccliauisin  for  aeration,  which  is  ao-  '■^*> 
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complished  in  the  following  manner:  The  mouth  is  periodically  filled 
with  water,  which  is  driven  past  the  gills  bj  muscular  compression,  and 
thereby  the  carbonic  acid  is  removed  from  the  blood  which  drcnlates  in 
those  organs,  and  oxygen  is  obtained  in  return.  For  this  reason,  a  fish 
dies  very  quickly  when  its  mouth  is  kept  open.  The  angler  knows  that 
it  is  not  owing  to  any  loss  of  blood,  nor  to  any  injurious  lesion  that  the 
hook  may  cause,  hat  simply  to  suffocation,  the  water  no  longer  lifting  the 
gill  covers,  but  merely  passing  out  through  the  open  month. 

The  experiments  of  Humboldt  and  Provencal  clearly  demonstrate  the 
analogy  between  aquatic  and  aerial  respirations ;  for  water  ia  not  de- 
composed by  the  breathing  of  fishes :  it  is  the  'air  dissolved  in  it  that  is 
used.  In  the  sample  examined  by  these  chemists,  there  was  20.3  per 
cent,  of  its  volume  of  air,  consisting  of  oxygen  29.8,  nitrogen  66.2,  and 
carbonic  add  4.0,  in  the  hundred  parts.  After  the  fishes  had  remained 
in  it  for  a  due  time,  it  still  contained  17.6  per  cent,  of  its  volume,  of  air, 
but  this  in  100  parts  now  consisted  of  oxygen  2.3,  nitrogen  63.9,  and 
carbonic  acid  33.8.  There  had  therefore  been  a  consumption  of  oxygen 
and  evolution  of  carbonic  acid,  together  with  a  slight  removal  of  nitrogen, 
this  being  the  general  result  witnessed  in  aerial  respiration.  In  a  sim- 
ilar course  of  experiments  on  the  breathing  of  gold  fishes, 
made  by  myself,  the  result  corresponds  to  the  preceding 
statement,  only  the  water  I  used  was^richcr  in  oxygen  gas, 
and  the  transposirion  into  carbonic  acid  did  not  seem  by 
any  means  to  be  so  complete.  I  also  remarked  the  same 
diminution  in  the  quantity  of  nitrogen,  but  am  disposed  to 
attribute  it  not  so  much  to  the  consumption  of  that  gas  by 
the  fishes  aa  to  its  diffusion  from  the  water  into  the  atmo- 
sphere, the  solvent  power  lia\'ing  changed  by  the  substitu- 
tion of  carbonic  acid  for  oxygen. 

In  reptiles  the  lung  presents  the  sac-like  form,  as  in  JFig. 
RcBpiration  of  75,  a  pulmonary  artery  passing  on  one  side, 
reptiles.  gjj(^  ^  pulmonary  vein  returning  on  the  other: 

a  is  the  trachea ;  i,  its  bifurcation ;  c,  pulmonary  arteiy ; 
d,  d,  pulmonary  vein.  It  often  occurs  thpt  the  two  lungs 
are  not  equally  developed,  one  of  them,  B,  being  rudiment- 
ary as  compared  with  the  other,  A.  Into  such  a  sac  in  ser- 
pents the  air  is  forced  by  muscular  contraction,  a  kind  of 
swallowing.  It  is  expelled  from  them  by  the  contraction 
of  the  abdominal  muscles,  and  hence  the  hissing  sound 
which  it  emits  during  its  cxpidsion.  From  the  simple  sac 
to  the  cellular  lung  the  advance  is  made  by  degrees,  a  de- 
velopment of  parietal  cells  upon  tlie  inner  surface  taking 
place.     At  the  intermediate  stage,  between  the  simple  sac    LiuigofMptii& 
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ud  thp  highlj*  subdivided  rcspiratorj  oi^:an  ol'tho  mammals,  tlw  coiidi- 
^  I*  tion  of  things  is  ■kcW  illuBtrattsd  by  iliu  iangs 

of  the  iro^,  lii  /7//.  7(j,  a  is  the  liyoid  api»- 
rattiB ;  &,  coitilnghioua  ring  m  iJie  root  of  tlie 
IiingB ;  r,  tlii'  |)iilmoiiaiy  vessela;  and  </,  d,  tlio 
pultnoniiry  sacs. 

Of  all  tribes,  the  respimtary  mcrlmniam  is 
most  highly  dcvelojwd  in  birds,  it««f>ir»iion  of 
u-Iiich,  bc«dc8  being  provided  with  *'*'^*- 
lungs,  have  air-sacs  between  the  nitucles,  and 
n -[liratory  membranes  spmid  on  the  interior 
"I  ilio  hullow  bones.  Ii  ia  in  consequence  of 
this  that  a  bird  is  killed  so  readily,  even  by  a 
very  small  shot,  since  it  'm  scarcely  poosihle  to 
Hike  a  perforation  into  any  part  of  tho  body  without  opening  the  respi- 
Hbwy  cavitv. 

In  num.  the  bronchial  tube,  as  it  passes  into  CJich  long.  Iimnches  forth 

fib  ft  orcft,  the  walla  of  the  tubelets  tims  arising  having  car- 

tih^nous  rings  to  preserve  their  fonn  under  compression, 

camUr  organic  nniscular  fibres  to  enable  them  to  contract,  and  longitu- 

|nni£tia]  fasces  of  elastic  tissue  to  shorten  them  after  extension.     In 

Ifwir  interior  they  are  covered  with  mucoua  membnine  providt^l  with 

cilii.     When  ihe  proper  degree  of  minuteness,  about  ^  of  an  inch,  is 

incited,  ihey  consist  ainno  of  elastic  membrane,  intcrsperBcd  with  mus- 

oikr  Gbns,  and  upon  their  sides  the  air^^^clts  open ;  sometimes  single 

ones,  or  sometimes  many  cells  communicating  with  one  another,  discliarge 

ikoQgli  the  same  oritieo,  the  tnU^let  it»elf  ending  iu  a  cell.     The  aii>- 

oeUs  karo  various  dimensions,  from  ^i^  to  ^^j^of  an  incli.     Their  eituc- 

tan  ia  like  that  of  the  tubclet.     The  pnlmonory  capillaries  ore  spread 

so  doaely  u|)on  tbem  that  the  spaces  between  them  are  less  than  their 

vwn  diatncters,  which,  on  an  average,  arc  j^j'jnr  "*'  ^^  >"ch.     As  the  cells 

■re  doae  together,  the  blood-vessels  passing  between  them  are  brought 

in  ooumunication  with  the  air  on  both  aide*,  and  artcriali/Jition  is  thus 

nipidly  and  completely  iR>riorme<l.     Each  tubelet,  witli  the  air-cells  thus 

chksl«»il  upon  it,  ia  a  miniature  representation  of  the  lung  of  a  reptile. 

TboM  cells  tliemselves  rommunicnte  by  lalctal  apertures  with  one  an- 

otiier.     The  membrane  whieh  lines  tlieir  interior  is  Hluir|ily  folded  at  the 

spBrtanM.  and  there  arc  reasons  for  supposing  that  it  contains  otganie 

■m>mW  6brf».     It  is  slated  that  each  tenninal  bronchus  has  nearly 

KXOOO  ajr-cells  clustered  U]>on  it,  and  that  the  total  nnmber  is  600 

miUiniifl. 

The  mode  of  distribution  of  the  air-tubes  ia  repteaeated  iu  /Vy.  77. 
•I  is  the  jozynx;  6^,  the  tracliea.  the  upifcr  letter  oorresponding  to  tlie 
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cricoid  cartilage.;  «",  Ihe  Irt't  bronchus ;  rf,tbe  right  liroiicliiw:  (*, J*!  $,  it« 
rmtniftcatiotiA  in  the  right  Iting.^'jf,'  L  i,  ramilkationB  of  tlm  lei't  bron^ 
ohiB  in  the  Icfl  lung,  k  k. 
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^*7.  78,  arranpcincnt  of  the  heart  anfl  hingw,  the  laller  in  jmrt  iicction. 
1.  Ipfi  auricle  of  Ihc  heart;  2,  right  anrirle:  3,  left  ventricle;  4,  right 
vontricle;  5,  pulmonary  artery :  tt,  aorta;  7,  superior  vena  cava;  8,iD- 
nominata;  0,  loft  primitive  carotiil ;  10,  lct>  gnbclnvian,;  n,12,iip|io 
ringfi  of  tmchca  and  cnrtitng^s  of  rhe  larynx;  13,  upper  htU''  of  righ^_ 
lung;  14,  upper  lobe  of  left  lung;  15,  rijjrlit  pulmwiar)- arlerj*;  16,  14^| 
lower  lobes  of  iun(pt. 

Fig.  70  illuslrntcB  the  manner  of 
<n-<tribiition  of  blood-vcsseU  oa  Uw 
.•ur-ci-'Jld  of  the  lungn. 

As    the   blood  to  be   artmalisoil 
]'.i3i»v8  through  the  jmlmonary  captl- 
larie:*,  its  discs  can  only  move  in  sin- 
gle files,  and  even  tlien  jwrobably  un- 
dej^i  n  comprctgfiion  which  cbangea 
their  fnnn.      Aa   soon,  howerfdr,  ae 
rlicy  escape  into  llic  lar^J  vossela, 
ilioir  elasticity  ennblet*  them  to 
•  r  tlieir  original  fiba]>c. 
By  the  aid  of  this  elaborntcly  (oiititnictecl  mechani^mi  the  air  i»  brotij 
tInwMiBniB  *°  *^*  blood.     TIhtc  art'  three  distinct  stages  through  nliicHl 
dMiatnxiwv    it  has  to  pass.     The  fir»t  is  tlie  filling  of  the  Iracbca  and 
""     *'■        larger  raniifinitiona  of  the  bronchial  tubi-s;  Ihis  is  accot 
pUfibeJ,  by  atmoBphcric  pressure  brought  into  play  by  mudcular  eont 
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Hern.  The  Becond  stage  is  tlie  translation  of  the  fresh  atr  from  tlic  liirgpr 
bronchial  tubcft  to  tbo  nltiniatc  air-cells:  thiit  ia  acooinpUalicd  on  llic- 
litiiidple  of  gaseona  diffiision.  The  third  stage  is  the  pawiagc  from  the 
■ohtIU  into  the  1)loo<l:  this  w  through  the  wall  of  the  cell,  tlio  wall  of 
tk  blood-vessel,  and  the  «ac  of  the  blood  disc;  it  iuvolveti  passage 
tlwoa^  membrHncs,  and  tni|ilies  their  condensing  action.  Each  of  theae 
tluw  stages  we  have  now  to  consider. 

IsL  The  iutrodaction  of  fresh  air  into  the  trachea  and  largrr  ramili- 
oUiotu  of  the  bronchial  tubea  ia  iic«>m]diflhed  by  muscular  Theeiii)  tofthc 
eoUncdcin,  which  ralU  into  operation  atmoHphenc  jiressnre.  pr«aaan«rtkt 
In  tranquil  respiration  the  diaphragm  is  nt^arly  suAicicnt  for  '"' 
ilniporpose.  ITiis  muscle,  forming  the  convex  6oor  of  the  clicst,  as  soon 
aitl  contract^  assumes  more  nearly  a  plane  figure,  thereby  inercafiing 
iIk  content  of  that  cavity;  and,  jiu^l  as  in  a  common  bellows,  when  the 
Imr  board  is  depressed,  the  air  Hows  in  through  the  pipe,  so.  on  the  de- 
MBt  of  Uio  diapliragiD,  (he  air  Howu  in  through  the  trauhea,  forced  by 
Aiexiernol  prcssureu 

/V  '"  An  e:j]>erimental  illustration  of  the  manner  in 

wiiich  tho  nir  is  introdnocd  into  the  cavity  of  the 
lungs  l)y  th('  descent  of  the  floor  of  the  cheat, 
and  tlien  es;j>cJled  \iy  its  elevation,  is  represented 
in  J^.  80,  in  wliich  a  a  is  a  tube  of  {^ass  half 
an  inch  or  more  in  diameter,  and  six  or  eight 
inches  long,  to  the  loner  end  of  wliidi  a  blad- 
der, f't  is  '>^>tly  atlaeheii.  The  tube  is  passed 
through  llic.  nwk  of  a  U'U-jar,  *•  <■,  air  tight.  A 
large  glass  reservoir  of  water,  (illp»l  to  the  height 
d  ily  receives  the  bell-jar,  as  shown  in  the  figure. 
Wlicn  tlie  jar  is  depressed  in  the  water  l]»e  air 
i»  exi^elled  from  tlie  bladder,  and  when  the  jar 
is  raised  the  air  tfows  in.  By  allemately  ele- 
vating and  di-pn-asing  the  hell,  the  bladder  cxC' 
ctttc.t  movements  like  thos*  of  the  lungs,  of  whicli, 
indeed,  it  is  a  representation;  the  glass  tube  be- 
ing the  trachea,  the  Wll-jar  the  walls  of  the  cheat, 
T^.iruta».  and  the  rising  and  falling  water-level  the  rising 
- 1  -ling  diapliragm.  In  thin  illustration  the  bladder  is,  of  course,  pcr- 
Wt  poaaive,  as  was  at  one  time  supiMised  to  be  the  case  with  the  lungs : 
ttmoncou?  opiniou.  which  will  presently  W  corrected. 

Ill  the  mature  pt'riod  of  life,  and  especially  in  lii-ep  respiration,  the  ac- 
twnofthi- diaphragm  is  insufficient  for  the  introduction  of  air,  ^^tin*tv(ia- 
"M  ■  Mill  fortliiT  voluirif  is  obtained  by  raising  the  ribs,  whicli  irododog  tta 
ittnva  the  dimensions  of  tiic  chest  from  right  to  left,  and 
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also  from  front  to  back.  In  men,  this  effect  takes  place  more  particular- 
ly through  the  moTements  of  the  lower  ribs,  and  this  form  of  respiration 
is  therefore  sometimes  called  the  inferior-costal ;  but  in  women  the  upper 
ribs  are  more  movable,  the  dilatation  of  the  chest  is  there  greater,  and 
the  respiration  therefore  designated  as  the  superior- costaL  In  these 
movements  of  the  ribs,  and  especially  in  violent  respiration,  many  mus- 
cles are  involved. 

In  the  reverse  act,  that  is,  in  expiration,  or  the  expulsion  of  air  through 
the  trachea,  the  floor  of  the  chest  is  raised.  The  diaphragm,  when  it 
contracted,  mode  pressure  upon  the  viscera  of  the  abdomen,  and  forced 
the  muscular  walls  of  that  cavity  outward ;  but,  as  soon  as  the  diaphragm 
relaxes,  the  abdominal  muscles  contract,  and  thus  an  antagonizing  force 
is  originated  which  tends  to  expel  the  air.  In  this  the  elasticity  of  the 
lungs  and  of  the  walls  of  the  thorax  itself  affords  a  great  assistance. 
Owing  to  this  elasticity,  the  muscular  exertion  required  for  the  introdno- 
tion  of  the  air  greatly  exceeds  that  required  for  its  expulsion. 

In  tranquil  respiration,  we  may  regard  the  chan^ng  of  the  air  to  be 
accompUshed  by  the  alternate  depression  and  elevation  of  the  diaphrag- 
matic floor  of  the  chest.  On  an  average,  this  takes  place  17  times  in  a 
minute,  and  in  an  adult  of  the  standard  size  we  may  assume  that  17 
cubic  inches  of  air  are  introduced  at  each  inspiration.  Of  every  five 
breaths  one  is  usually  deeper  than  the  other  four.  The  statement  often 
made,  that  five  pulsations  correspond  to  one  respiration,  must  be  received 
with  a  certain  restriction.  In  pneumonia,  the  respirations  may  be  to 
the  pulsations  as  1  to  2 ;  in  typhoid  fevers,  as  1  to  8 ;  and  even  in  a 
state  of  health  there  may  be  considerable  variations. 

By  muscular  movements,  which  thus  call  into  action  atmospheric  pres- 
sure, the  air  is  drawn,  but  not  forced,  into  the  respiratory  apparatus. 
Considering,  however,  the  solid  contents  of  the  lungs,  which  can  not  be 
taken  at  less  tlian  200  cubic  inches,  it  is  clear  that  the  amount  is  not 
more  than  sufficient  to  fill  the  nasal  passages,  the  trachea,  and  the  larger 
ramifications  of  the  bronchial  tubes.  Lying  nearest  to  the  outlet,  it 
would  be  the  first  to  be  expelled  by  the  act  of  expiration.  There  could 
be  no  exchange  of  the  fresh  for  the  foul  air,  imless  some  additional  means 
were  employed  for  accomplishing  its  transference  irom  the  larger  ramifi- 
cations of  the  bronchial  tubes  to  the  remotest  air-cells. 

2d.  The  transference  of  iresh  air  to  the  cells  is  accomplished  by  re- 
sorting to  two  different  principles,  the  diffusion  of  free  gases  into  one  an- 
other, and  muscular  contraction. 

An  estimate  of  the  relative  share  which  each  of  these  takes  is  arrived 
Effect  of  gaae-  at  by  an  examination  of  the  absolute  velocity  with  which 
u'iI^''of'i?l*!^c  S^^^  diffuse  into  one  another.  The  statement  that  gases 
muKie  Rbna.    act  as  vacua  to  each  other  has  led  to  some  very  erroneous 
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ions.  It  has  been  l«ken  for  granted  tliat  tlie  actual  dUTasioii  in 
d,  pt-rliapa  ap|)ronc:liiug  to  the  velocity  with  wliich  gnses  rash 
ioio  a  void.  Bnt  I  have  8bown*  ttiat  tliis  is  altogether  a  mlscouccption, 
lod  that  tlie  transit  of  fresh  air  from  tlie  bronclii,  cvchonpng  with  fonl 
air  from  the  cells,  if  oonduetcd  on  that  |inm'iplc  idonc,  would  rcf|U)rc  a 
period  grvatl^'  Lcjond  tlw  time  otcupicd  for  ono  respiratory  act,  wliich  U 
about  three  secoiiil>«  and  a  half. 

To  an  additional  agent  n'c  mtut  therefore  look  for  a  complete  explaaa- 

tna,  and  thia.  I  lliink,  i^  prcMinted  in  the  circnlor  organic  fibrnt  of  the 

huDcIuai  tnbes  and  cells.     It  has  long  been  niidcrstood  tliat  these  pos- 

mm  tlic  |Kiwer  of  varying  tlic  capacity  of  thi;  tul>es. 

^Vith  this  agency  in  view,  tliis  second  atage  uf  the  process  is  accom- 

as  follows :  The  carbonic  acid,  vapor  of  water,  and  excess  of  ni- 

if  any,  that  have  accumulated  in  the  cells  belonging  to  any  given 

bniKbial  tree,  arc  expelled  therefrom  by  the  muscular  contraction  of  the 

QRolar  organic  fibres,  and  are  delivered  into  the  larger  broiicliiul  IuIm>8, 

ui  which  diffufliou  at  once  takcii  place  witli  tlic  air  ju5t  introduced.     As 

no  IB  the  expiration  is  compK-tiMl,  n^tla.\ntion  of  the  muscular  tibros  oc- 

,  and  tlic  passages  and  cells  dilating,  both  tlirough  their  own  clastio- 

f  nd  the  exiiauativc  cti'cct  arisi  iig  from  the  simultaneous  contraction  of 

rbronchial  trees,  fresh  air  is  drawn  into  them,  tlie  alternate  expulsion 

W  iatitKluctioa  being  accomplished  by  muscular  contraction  and  olas- 

6dtf,  tlio  diU'etent  bronchial  trees  coming  into  action  at  different  periods 

tf  6lDe,  some  being  contracting  while  others  are  dilating. 

3d.  Tbc  third  stage  is  the  passage  of  oxygen  from  the  cells  to  the  blood : 
ttisthrongh  the  wall  of  the  cell,  the  wall  of  the  biood-vcssel,  r«iM^of(>x< 
Nd  the  sac  of  tlie  blood  disc     The  carbonic  acid  issues  from  J^^,^^„ 
1^  plasma^  and  passes  through  the  wall  of  the  blood-vessel  to  ute  blood, 
ad  the  wall  of  the  cell 

Huiy  physiologists  ha^'C  sapposed  that  this  exchange  of  oxygen  for 
wiwnic  add  takes  place  on  the  principle  of  diffusion.  On  Exc(,ifl«rc  ot 
ne  utfacrity  of  Valentin  and  Brunuer.  it  has  been  asserted  rariwukadj 
Atf  the  proportional  ctcliangc  actually  observed  is  1174  of    ""J'*"** 

for  1000  of  carbonic  acid,  thcne  U>nig  tho  theoretical  (luanlities 
•4r  the  law  of  ditl'nwon :  Itut  there  is  no  difticiilty  in  pro>*ing  that  this 
^  » ]Aysical  impossibility,  for  the  exchange  is  not  ncrely  that  of  oxy- 
p»  aad  carbonic  acid ;  it  is  much  more  complicated.     The  Inngs  r^iu- 
'■  the  quantity  of  tree  nitrogen  in  the  system,  and  there  is  a  constant 
of  the  vapor  of  water.     These  bodies,  moreovicr,  are  not  prcsent- 
"ia  the  gaseous  state^  but  in  tliat  of  liquid  solution;  and  the  wall  ft( 
"«  edl,  of  the  pulmonary  cajiiUary,  and  of  the  blood  disc,  by  their  con- 
'*B*ii)g  action,  totally  disturb  the  conditions  of  diffusion. 
*  AmeriMu  Jwunul  t>(  Med.  SvMQcva,  April,  1^3. 
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Kan  aqueous  film,  not  more  tlian  three  eighths  of  a  millionth  of  an  inch 
in  thickness,  can  coinpletely  disturb  the  law  of  diffiision  by  the  condens- 
ing action  it  exerts  on  carbonic  acid  and  oxygen,  what  may  be  expected 
from  the  moist  walls  of  the  air-cells  and  pulmonary  artery,  which  con- 
jointly most  be  more  than  a  thousand  times  as  thick  ? 

From  these  complications,  it  is  not  possible  to  assign  any  definite  ratio 
as  expressing  the  gaseous  exchange  between  the  interior  of  the  cells  and 
the  blood,  for,  so  far  from  this  being  a  case  of  exchange  between  two  gas- 
es without  any  obstruction  intervening,  the  condition  under  which  alone 
the  law  of  diffusion  applies,  the  nitrogen  is  doubtless  in  a  state  of  solu- 
tion in  the  blood,  the  steam  in  the  liquid  condition  of  water ;  and  re- 
specting the  carbonic  acid,  nothing  certain  is  known  whether  it  be  in  so- 
lution or  chemically  combined.  Perhaps  it  is  united  with  soda  in  the 
blood  as  a  bi-carbonate.  From  this  latter  substance  hydrogen  gas  will 
expel  one  half  of  its  carbonic  acid,  and  in  like  manner  a  stream  of  hy- 
drogen gas  passed  through  blood  deprived  of  its  fibrin  removes  carbonic 
acid.  Upon  such  principles  it  has  been  supposed  that  atmospheric  oxy- 
gen removes  carbonic  acid  fi^m  the  blood  during  respiration,  just  as  would 
a  stream  of  hydrogen  remove  half  the  acid  from  a  solution  of  bi-carbon- 
ate of  soda. 

The  generation  of  carbonic  acid  in  the  system  is  commonly  localized 
PI  of  the  ^y  J^fsrring  Jt  to  ^^  soft  tissues.  But,  though  doubtless 
Kcneruiion  of  much  originates  in  this  way,  as  is  illustrated  by  the  case  of 
nar    nic  aci  .  j^^gg^jg^  j^  yf\^(.]i  4],^  ^ir  is  Carried  directly  to  the  parenchyma 

of  the  organs  without  the  intervention  of  any  proper  oxidizing  blood, 
there  can  be  no  doubt. that  in  man,  as  in  all  the  higher  tribes, -a  very 
large  proportion  is  generated  in  the  blood  itself.  If  there  were  no  other 
reason  to  bring  us  to  this  conclusion,  it  would  be  sufficient  to  recall  that 
ultimate  oxidation  by  no  means  occurs  at  once,  but  that  the  various 
wasted  products  pass  from  stage  to  stage  in  their  retrograde  career. 
Thus,  between  the  syntonin  of  muscular  fibre  and  the  urea  of  the  urine, 
many  steps  or  stages  intervene,  and  that  much  of  these  changes  is  ac- 
complished in  the  blood  itself  is  demonstrated  by  what  occurs  in  the 
use  of  excesses  of  starch,  albumen,  or  gelatine  in  the  food.  Such  sub- 
stances, finding  access  through  the  absorbents  in  a  modified  form,  but  not 
wanted  for  the  repair  of  any  part,  are  dismissed  without  ever  entering 
into  the  composition  of  any  organ,  by  the  lungs  or  the  kidneys  as  prod- 
ucts of  oxidation  or  derivatives  thereof. 

The  act  of  respiration  in  man  is  therefore  accomplished  in  the  foUow- 
isonerai  buu-  ing  way.  The  air,  introduced  by  atmospheric  pressure, 
pr^^'of'res-  ^K>^g^t  '"*o  pl*y  ^7  tlie  action  of  the  diaphragm  and  other 
piration.  respiratory  muscles,  fills  the  nasal  passages,  the  trachea,  and 

larger  ramifications  of  the  bronchial  tubes.     Between  it  and  the  gas 
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coming  from  the  pulmonuy  resides,  diffusion  strntlilr  takes  pUco,  tend* 

big  to  renioi-e  tbo  cell  gas  into  the  atmosphere;  but  this  gas  is  not 

broa^l  iroin  the  resides  hy  diflu&ioti  alunc,  which  could  not  act  with 

cnffident  speed,  but  by  the  contraction  of  the  circulai  organic  niusclcB  of 

the  bronchial  tubclets  and  of  the  ccUii,  the  differcDt  bronchial  trees  uot 

adii^  Bininltaiieoasly,  but  succeAKively.     As  Hoon  as  coiitrsction  is  over. 

tbe  tabes  expand  hy  their  chisti<:ity,  attd  the  air  is  drawn  into  the  ccUa, 

och  bronchial  tree,  by  its  contraction,  aiding  the  cxpaiiaiou  of  tlie  adjn- 

tatt  oncDi.     Tlic  lungs  arc  therefore  not  altogether  passive  daring  rc»pi- 

latwn,  as  Is  sometimes  said.     The  cxchjinge  between  the  gas  in  the  cells 

and  that  iu  the  blood  docs  not  take  place  tlirougli  simple  ditlusjou,  or  in 

ijuatitios  proportiuiial  to  the  diflusioii  voluutes  of  oxygen  and  carbonic 

laL    11  i^  a  cvmplex.  ditfu.>4ion,  in  whicli  Ihu  disturbances  uri^'  from  tlie 

pM  m  the  blood  being  eilhci-  dissolved  or  combined,  and  through  eev* 

ml  intervening  inctnbraues,  that  of  tlic  air-cells,  that  of  the  pulmonar}" 

atoy,  and  that  of  the  blood  disc,  hU  of  which  exert  a  condensing  action, 

flflLe  result  of  winch  it  is  impossible  to  fiimi.ili  any  nnmcrical  estimate. 

Tkptocesa  ends  by  the  expulsion  of  the  foul  air  which  has  nccnraulated 

it  the  lai^cr  bronchi  and  trachea,  by  the  diminution  which  takes  place 

intlie  capacity  of  the  chest  during  expiration,  occasioned  by  the  contrac- 

hoi  bf  the  expiratory'  nmsetes,  the  elasticity  of  the  walls  of  the  chest, 

■id  of  the  lungs  themselves. 

Boch  is  the  arrangement  by  which  fresh  air  is  constantly  presented  to 
ibe  blood,  and  the  gases  and  vapors  exhaling  from  it  arc  removed.  The 
"Iipee  of  e^chanstion  occurring  in  llic  thest  scarcely  justiAcs  the  ex- 
pmoAn  aoinetiracs  used,  "a  tendency  to  a  vacuum,"  since  it  is  rarely 
■en  than  competent  to  raise  water  a  single  inch.  This  may  be  readily 
fnred  by  dipping  a  glass  tube,  open  at  both  ends,  and  ludl'on  inch  in 
fineter,  into  s  cup  of  water,  and  placing  the  projectiug  extremity  be- 
tWttstbc  lip,  taking  care  to  keep  the  muscles  of  tin;  mouth  at  couijilctc 
nrt.  It  will  then  be  seen  that  at  each  inspiration  the  water  rises  about 
■n  incb,  and  at  each  expiration  is  depressed  to  a  similar  extent.  Its 
■OTOBents  indicate  the  degree  of  nuefiKtion  or  cotaprcssion  occurring  in 
AediMt. 

Ithu  been  fotud  convenient  to  consider  the  gaseous  contents  of  the 
■■^p  imd«T  Bcvt^ral  ditlL-rent  titles :  1st.  The  residual  air  is  Uhblons  of 
^  portion  whicli  can  not  be  removed  by  tlie  most  powe>  ^nStToTih* 
w  excitation  ;  2d.  The  supplemental  air  remains  after  tran-  lung*. 
F'"!  ri:i)|nratH)n,  liut  can  be  removed  at  will ;  3d.  The  breatlung  or  tidal 
*■'  >•  lli&t  portion  which  changes  by  traiiijuil  inspiration  and  expiration : 
*^  Tht'  compicmcnial  air  is  that  which  can  be  inhaled  by  the  dw^pcst 
••■Iwwion,  over  and  above  that  introduced  by  ordinary  breathing. 
*W  are  tenns  introduced  by  Mr.  Jcflreys. 
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"The  amount  of  air  that  can  be  expelled  bj  the  deepest  expiration 
CsanMttoD  bo-  after  the  fullest  inspiration"  bears  a  singolar  relation  to  the 
SHnd'''"*  height  of  the  individual,  as  was  discoTered  by  Dr.  Hutch- 
height,  inson.  "  For  every  inch  of  stature  from  five  to  six  feet, 
eight  additional  cubic  inches  of  air  at  60°  Fahr.  may  be  thus  given  out.*' 
The  quantity  of  air  which  can  be  thus  expelled  for  tiie  stature  of  five  feet 
one  inch  is  174  cubic  inches,  and  for  six  feet,  262.  It  is  independent  of 
the  absolute  capacity  of  the  chest. 

The  diurnal  amount  of  air  introduced  into  the  lungs  has  been  Tarionaly 
VI  e  nd  estimated  from  226  to  399  cubic  feet.  A  part,  from  4  to  6 
diuigeBoftbe  per  cent.,  of  the  oxygen  thus  introduced  disappears  in  the 
rwpired  gu.  Jnjjgg^  gn^  thg  expired  air  is  charged  with  from  3  to  5  per 
cent,  of  carbonic  acid.  But  that  nothing  analogous  to  combustion  occurs 
in  those  oi^ans  is  proved  by  their  temperature,  which  is  not  higher  than 
that  of  other  parts  of  the  system.  Moreo\'er,  carbonic  acid  can  be  with- 
drawn from  venous  blood  in  a  Torricellian  vacuum,  and  still  better  by 
agitating  the  blood  with  such  gases  as  hydrogen  and  nitrogen,  proving 
that  that  gas  pre-exists  in  the  venous  blood  before  its  entry  into  the 
lungs,  and  is  not  formed  in  those  organs,  unless,  indeed,  it  exists  as  a  bi- 
carbonate, as  already  mentioned.  The  quantity  of  carbonic  add  tbna 
disengaged  is  less  than  the  quantity  of  oxygen  absorbed,  because  much 
of  the  latter  is  consumed  in  the  production  of  sulphuric  and  phosphwic 
acids,  which  escape  in  the  urinary  secretion,  as  indeed  does  a  large  quan- 
tity of  carbonic  acid  itself. 

The  experiments  of  Vierordt  show  that  the  expiration,  in  a  state  of 
Tieronifs  TGst,  contains  4.334  per  cent,  of  carbonic  acid;  that,  as  the 
experiment,  number  of  respirations  per  minute  increases,  the  percentage 
amount  of  carbonic  acid  diminishes ;  and  that  for  eveiy  expiration,  with- 
out reference  to  its  duration,  there  is  a  constant  amount  of  carbonic  acid, 
namely,  2.5  per  cent.,  to  which  we  must  add  a  second  value,  expressing 
the  quantity  of  carbonic  acid,  and  which  is  exactly  proportional  to  the 
duration  of  the  respiration,  as  is  shown  in  the  following  table. 


Rrq>intl(ins 
per  minute 

carboDic  BCld. 

CoDstanti. 

AnfrtDVDtollon  of  the  pereentam 
of  the  carboDic  arid  for  t&e 
duration  of  the  rc^lratioDl 

6 
12 
24 
48 
96 

6.7 
4.1 
3.3 
2.9 
2.7 

2.5 
2.5 
2..'-, 

2.r. 

8.2 
1.6 
0.8 
0.4 

0.2 

Vierordt  also  estimates  that,  for  the  entire  removal  of  the  carbonic 
acid  from  the  blood,  more  than  three  hundred  respiratory  acts  per  minute 
would  be  required.  To  some  extent,  the  depth  of  the  respiration  will 
compensate  for  want  of  frequency.  Thus  he  shows  that  in  an  expiration 
of  double  the  usual  volume,  the  quantity  of  carbonic  acid  removed  is 
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nearly  equal  to  tliat  whicli  vouM  be  exhaled  by  rcspirnttons  of  three 
tarn*  the  nonnal  frcquencj,  and  on  examining  a  single  rvs^nraticin,  lie 
demonBtrates  what,  iiowever,  woold  obviously  be  foreseen  from  a  consid- 
ention  of  the  drcumatances  of  f  lie  case,  that  Uie  last  portions  of  the  cx- 
piiitionarc  the  ncliest  in  carbonic  acid.  Thus  tho  lirst  half  of  a  rvnpi- 
ntiini  contauied  only  3.72  per  cent,  of  catbooic  acid^  the  laitt  ludf  D.4^ 
{crcenL 

With  respect  to  the  ratio  tictwceii  the  ([uantity  ofo.'ivgen  inspired  and 
ihftt  contained  in  the  ex|>ired  carbonic  acid,  a  variation  will  R„io(jtii,ia. 
Ic  observed,  depending  od  many  conditions,  as,  for  example,  »ptmt  ud  ax- 
OT  the  nature  of  the  food.  Thus,  with  a  carbohydrate,  the  p*"^  "?««>. 
ijBuitity  of  oxygen  in  tho  carbonic  acid  will  always  be  less  than  that  in* 
t^Kd,  a  portion  being  employed  in  the  destruction  of  the  systemic  nitro- 
gnuEcd  material  which  is  ujidergoing  decay.  This  destruction  of  nitro- 
gouei]  material  is  not  ttulliciciit  for  the  support  of  animal  heat,  and 
IcDtt  cither  carbohydrates  introduced  by  the  food,  or  fnt  already  exist- 
ii^  in  the  syatcni,  muitt  be  resorted  to  for  the  purpose  of  making  up  the 
drfcicacy.  With  such  variations  in  the  requirements  of  the  system, 
■nd  nriationa  in  the  nature  of  the  food,  the  ratit>  of  tlie  oxygen  intro- 
dsced  1o  tliat  in  the  carbonic  acid  removed  must  also  vary. 

1'ot  the  perfect  oxidation  of  the  diftercnt  elements  of  food,  very  di&r- 
tot  (juantitiea  of  oxygen  are  required ;  thus,  for  the  oxidation  of  HX> 
peisof  &t,  it  would  require  2B2. 14  of  oxygen;  for  that  of  starch,  UH..')^; 
fin  that  of  mnscle,  147.04. 

For  reasons  to  be  considered  when  we  treat  of  the  production  of  heat, 
&qaantity  of  carbonic  acid  disengaged  varies  with  external  v»HaiioMiii 
QBauistauces.  When  the  weather  is  cold  it  ia  greater  tlian  thr  mpUed 
"ben  it  ia  warm.  Thus  at  68^  there  is  twice  aa  much  lib-  ""■ 
tninl  u  at  lOtP.  It  increases  during  exercise  and  aBcr  eating,  but 
^"*i°hfft  daring  sleep.  )[on>  is  };et  free  by  men  than  by  womoii ;  it 
iln  mie«  with  age,  the  proportion  rising  from  eight  years  to  thirty,  re- 
ntfloig  stationary  to  forty,  and  then  declining.  It  ciuingca  with  the 
fcqiwncy  of  the  respirations.  The  total  quantity  of  carbon  daily  le- 
owred  by  respiration  may  be  estimated  at  eight  ouneoa. 

H««ides  the  carbonic  acid  removed,  a  large  quantity  of  water  is  ex- 
°^f\  by  the  lungs,  for  the  expired  air  may  be  regarded  as  xrmtartmsMni 
Mandnd,  or  containing  the  maximum  quantity  of  water  for  •"  re«P«»Uoo. 
IH".  For  the  vaporization  ot'  lliis  wafex  much  heat  is  ctmttumcd,  as  is 
wvise  the  CUQ  ibr  tiio  warming  of  the  introduced  air,  which,  no  mat- 
^  >lut  the  external  temperature  may  liave  been,  is  brought  to  that  of 
4tlmgi. 

^Mih  respect  to  the  abaolutc  amount  of  air  expired,  and  also  the  quan- 
^fljof  w«ter  removed  by  the  lungs,  some  experiments  have  recently  been 
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made  hj  mj  Bon,  Dr.  J.  C.  Draper ;  tlie  principle  upon  wMch  they  were 
QoMiUtTofmiir  con^'icted  may  be  thus  briefly  stated.     The  air  from  the 
expired  per      lungs,  which  has  a  dew-point  of  94°,  was  passed  by  a  wide 
"**■  tube  through  a  metallic  condenser  kept  at  32°,  care  being 

taken  to  have  aa  little  obstruction  as  possible  to  its  egress.  The  wei^t 
of  the  water  collected  in  the  condenser  furnished  the  means  of  calculating, 
by  a  simple  formula,  the  quantity  of  air  wliich  had  been  expired,  for  the 
vapor,  leaving  the  respiratory  passages  at  94°,  and  that  leaving  the  con- 
denser at  32°,  were  at  their  maximum  densities.  Computations  exe- 
cuted upon  data  obtained  on  this  principle  furnish  the  following,  among 
other  interesting  results : 

1.  On  making  sixteen  respirations  in  the  minute,  and  continuing  the 
experiment  for  twenty  minutes,  the  averse  of  five  different  series  of  ex- . 
periments  gives  622  cubic  inches  of  air  expired  each  minute, 

2.  On  making  six  respirations  in  a  minute,  and  continuing  the  trial 
for  twenty  minutes,  the  average  of  tliree  series  of  experiments  gives  511 
cubic  inches  for  the  air  expired  each  minute. 

3.  On  making  thirty-three  respirations  in  a  minute,  and  continuing  the 
experiment  for  twenty  minutes,  the  average  amount  of  air  is  1077  cubic 
inches  for  the  air  expired  in  eacli  minute. 

On  comparing  these  three  statements,  it  appears  that,  the  first  repre- 
senting normal,  the  second  very  slow,  the  third  very  quick  respiration, 
the  absolute  amount  of  air  removed  from  the  lungs  is  directly  proportion- 
al to  the  number  of  respiratory  acts  in  a  ^ven  period  of  time,  and  this 
notwithstanding  snch  variations  in  the  depth  of  the  inspirations  as  un- 
der such  circumstances  are  likely  to  occur. 

With  respect  to  the  quantity  of  water  removed  from  the  lungs,  he  also 
shows, 

(,  ,  4.  Tliat,  at  an  atmospheric  temperature  of  55°,  the  dew- 

ier exhaled  per  point  being  49°,  the  number  of  expirations  sixteen  per  minute, 
minute.  ^^^  quantity  of  water  removed  per  minute  is  4.416  grains. 

5.  The  other  conditions  remaining  the  same,  but  the  respirations  re- 
duced to  six  per  minute,  the  amount  of  water  removed  per  minute  is 
3.586  grains. 

6.  The  other  conditions  remaining  as  before,  but  the  number  of  res- 
pirations increased  to  thirty-three  per  minute,  the  amount  of  water  rft* 
moved  per  minute  is  7.560  grains. 

From  these  statements  it  therefore  appears  that  the  quantity  of  water 
removed  from  the  blood  by  respiration  increases  with  the  frequency  of 
the  respiratory  acts,  and  this  notwitlistanding  variations  which,  under 
such  circumstances,  must  take  place  in  their  depth.  Theoretically,  it  is 
also  obvious  that  the  absolute  amount  thus  expired  is  dependfent  on  the 
existing  dew-point  of  the  ur.     In  the  general  table,  given  on  page  15, 
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Ae  amonni  of  water  ta  calculalnl  from  Scguin'n  experiments,  bat  it  ap- 
yotn  from  thrao  msults,  which  are  obtained  by  a  much  niorc  accural*- 
procew,  lltat  liic  number  there  given  in  undoubtedly  too  high. 

Tbe  time  of  exposure  of  the  hloo«l  to  the  air  in  only  a  second  or  two. 
The  color  dtangOA,  as  bos  been  described  before,  from  blue  to  criuison, 
ud  the  teinpeiatoxe  rises  a  degree  or  two,  an  is  «hown  by  au  e^uunina- 
lioti  of  the  Ici'l  cavities  of  tlio  heart.  The  water  thus  reniu%-eJ  ia  not 
l«rp.  bill  contain;*  iuiimal  matter  in  a  utate  of  decay. 

Though  we  have  treated  of  the  act  of  respiration,  as  conBisting  of  two 
Myante  and  conjiccative  atagca,  inspiration  and  ejcpiration,  tu-aptrmrian  it 
iniBftltly  it  proccftU  coiitinimnjily.  At  the  respiratory  sur-  ^^'^^^^^ 
liM,  which  is  the  wall  of  the  air-cell,  the  jMtasage  of  oxygen  i»s- 
itiwxrd.  and  of  carbonic  acid  and  steam  outward,  takes  place  in  a  steady 
ud  uuvarying  niaunvr.  The  {wriodicily  under  which  it  has  l>ccn  eonven- 
iciu  lo  speak  of  this  function  concents  only  the  introduction  and  removal 
<i gaaca  6nni  the  large  air-ways. 

Considering,  theretbrc,  the  continuous  loss  of  water  which  the  venous 
Uoodliroiight  by  the  pnbnonaty  arterial  branches  undergoes,  kihwi  at  mpu 
ii BDOjrt  give  rise  neoesaarily  to  a  greater  dpoisity  in  the  blood  IJ^^J^yJ^ 
oii  dip,  |i:ft  side  AS  compared  with  (hat  of  the  right  side  of  i'l«>d- 
tW  Uart.  Tlic  total  (|mint)ty  of  blood  passing  through  the  lungs  in  one 
tniniite  is  225  ounces,  and  the  loss  of  water  from  this  in  the  same  time 
Can  not  bo  more  than  7  grains.  This,  therefore,  shoivs  that  the  lictual 
low  of  watrr  by  the  Mood  during  its  passage  over  the  air^clls  is  about 
\jhl  I*"*^'  ^  quantity  wliich  itt  altogi^ther  inappreciable,  so  far  as  its  io- 
faoKK  on  the  specitic  gravity  is  conoemed,  and  showing  us  that  the  ob- 
■mtionji  which  some  exf>crimentera  have  made  on  this  i>oint,  witli  a 
*nr  of  demonstrating  an  increased  spissitude,  density,  or  cohesivenees 
•^Uw  bhjod  on  tlie  left  side  of  the  heart,  from  the  gi^TUg  up  of  its  water 
u  il  fw^«ed  tlirough  the  respiratory  organ,  are  cither  ejca^crated  or  af- 
l«iH  hy  some  deceptive  cauim. 

Hie  iDtroductton  of  an  irrcspirablc  gas  into  the  lungs,  or  the  prevention 
of  Ac  aoOHUt  of  the  atmosphere,  brings  the  circulation  of  the  Etkrt  vribe  in- 
Uomiloa  Atop;  for  that  movement  depends,  as  I  Imvc  shown,  JJJ^p^|.j|'^jo"' 
■n  the  aeration  taking  place  in  the  pulmonary  capillaries.  In  g**"- 
■rfi  cases  there  will  be  an  engorgement  of  the  right  heart  and  vej>fleU 
*Raig  tbervfroni.  but,  if  the  stoppage  has  not  lasted  too  long,  the  current 
^"J  be  rei.-stablishcd  by  re-estaWishing  the  respiration.  Death  com- 
'Oiiitly  ensues  on  an  CAclusion  of  the  air  for  tive  minutes,  and,  iu  cases 
'''Innniing,  it  is  rare  for  restomtion  to  be  effected  if  the  immersion  has 
wtfid  more  tluui  four. 

In  the  respiration  of  protoxide  of  nitrogen,  a  gas  which  is  an  energetic 
■B^orter  of  combustion,  and  acting  more  powcrtitlly  on  the  animal  sys- 
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tern  when  respired  than  even  oxygen  itself^  on  account  of  its 
oxide  of  nitro-  ready  condensibility  by  pTcssure,  or  by  membranes,  and  sol- 
^°-  nbUity  in  water,  the  circulation  is  greatly  quickened  at  first, 

nnd  a  state  of  exhilaration  ensues ;  but  this  is  soon  followed  by  a  con- 
dition of  depression,  or  even  of  copa,  for  the  quantity  of  carbonic  add 
produced  in  the  system  is  now  so  great  that  the  lungs  are  wholly  inade- 
qnate  to  effect  its  removal,  and  all  the  symptoms  of  poisoning  by  car- 
bonic acid  come  on. 

Zimmerman  foand  that  a  rabbit  exiialed  12^  gnuns  of  carbonic  acid 
per  hour  when  breathing  atmospheric  air,  but  that  the  quantity  rose  at 
once  to  20  grains  per  hour  when  it  was  caused  to  breathe  protoxide  of 
nitrogen.  But  by  far  the  most  complete  and  important  series  of  expeii- 
Summsrv  of  ™ents  yct  made  in  r^ard  to  the  relations  of  the  aerial  me- 
Regnauit'tud  dium  and  the  respiring  animal  is  that  of  MM.  Regnault  and 
imento'o"™^"  Rcisct,  published  in  the  Annales  de  Chimie,  JuiUet,  1849,  of 
piraUon.  which,  since  it  may  be  taken  as  a  model  of  pbysiol(^caI  in- 

vestigation, a  brief  abstract  is  liere  given. 

F>n-^\,  The    apparatus    they 

employed  is  re^n'esented 
in  J^iff.  81.  It  possesses 
the  great  advantage  over 
all  experimental  arrange- 
ments heretofore  employ- 
ed in  permitting  an  ani- 
mal to  be  kept  even  for 
many  days  in  a  limited 
volume  of  air,  but  under 
such  circumstances  that 
luperimeiitaonnsiiintrtiu.  that  air  W8S   Constantly 

kept  at  its  normal  composition  by  the  automatic  motions  of  the  instru- 
ment itself:  oxygen  being  thus  furnished  as  it  was  required,  and  car- 
bonic acid  removed. 

The  arrangement  consists  of  three  parts :  let,  a  chamber  or  bell,  I,  for 
inclosing  the  animal,  surrounded  by  a  jar  filled  with  water,  the  tempera- 
ture of  which  could  be  ascertained  by  a  thermometer,  k.  In  the  interior 
of  the  bell  was  a  platform  perforated  with  holes,  by  the  aid  of  which  the 
excretions  could  be  collected.  On  one  side,  at^,  was  a  pressure  gauge, 
connected  with  the  bell  by  a  tube,  and  showing  the  condition  of  conden- 
sation or  rarefaction  of  the  included  atmosphere.  2d.  At  the  same  side, 
the  bell  commimicated,  by  means  of  India-rubber  tubes,  ?»,  n,  with  two 
cylindric  vessels,  g,  r,  filled  with  a  solution  of  caustic  potassa,  and  which 
were  driven  by  the  aid  of  powerfiil  clock-work  in  such  a  way  that  the 
one  alternately  rose  and  the  other  descended,  the  flexible  tube  s  permit- 
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tbg  this  notion.  The  result  of  tliis  was  that  a  portion  of  tlic  air  of  tlii^- 
WU  wae  alternately  drawn  inlo  (.'aeh  of  tliu  cyllniiric  veKsels,  its  carbon- 
ic idtl  removed  by  the  poUtsh,  and  then  it  waa  returned ;  eo,  us  fai^t  as 
OiB  kniniol  produced  that  gas  by  bteatfaingi  the  potash  removed  it,  giving 
n»,  therot'orew  («  a  tendency  to  &  certain  amount  of  randaction  in  tlie  aii- 
tif  the  bcU  ;  but,  3d,  om  the  u|)[jo»itc  hiiIu  of  liie  lioll  were  placed  three 
nosptades,  «,  e^,  &"%  tilled  with  pure  oxygon  gas,  which  flowed  into  tlio 
beD  tbmngh  tlie  tuIies  /\  J^h^  J"^^  1<*  compensate  for  that  rarefaction, 
coming  in  by  a  bubUc  at  a  tunc  through  tltc  little  potai^h  tlusk  t,  tlii* 
wj^n  being  pressed  out  of  the  reservoirs  by  a  solution  of  cUloride  of 
Mtiam  descending  tlirotigli  a  sloi>-cock,  f,  from  a  reservoir,  b  l/,  kept  at 
iRBMtaut  level  in  tlie  UHual  maimer  by  tiie  tiattks  f^,  a\  u".  As  fast  an 
000  woqitocle  waa  exiiausted,  the  pressure  tube  was  Buccoasively  oon- 
oedcd  with  the  others,  iuid  so  (he  su|}{>]y  lft:pt  up.  Attarhed  to  the 
■md  supporting  tiie  animal  was  a  eudiometer,  o,  which  enabled  a  small 
iwitity  of  air  to  be  withdrawn  from  the  bell  at  any  moment  for  tlie 
impose  of  analytical  e.\Aminalion.  For  other  details  of  tins  apparatus. 
iwl  the  partictJant  of  its  method  of  use,  reference  may  be  made  to  the 
<ii|iiaJ  meiDoir  itself.  It  is  sufficient  for  the  present  purpose  to  under- 
sUnd  that  an  animal  could  U*  kept  in  the  interior  of  this  bell  for  scvcml 
Jkrs  without  showing  any  Kigns  of  diAcDUilurt,  pure  oxygen  iMung  sup- 
fW  to  it,  and  the  carbonic  aeid  produced  by  breathing  removed  by  the 
{iif  of  the  madiine  ilw-lf. 

The  following  is  an  abstract  of  the  results  obtained : 

Isl.  H<»t-bloodeil  animals,  mammalia  and  birds,  under  llieir  ordinar)' 
Alt  always  disengage  a  little  nitrogen  by  rwspiratiuu,  the  noi.bVoo<w 
■wnot  varying  from  less  than  y^  to  ^  of  the  weight  of  miniil*  on  m 
lik  oxygen  thoy  consume.  '   '"^    ** 

2d.  When  these  animals  are  fiuting,  they  of^en  absorb  nitrogen  in  pro- 
poniona  similar  to  tlic  preceding.     In  like  manner,  an  absorp-  i^n  mbu 
tJB  of  nitn^n  was  obser^'ed  after  starving  the  animal,  and  then  '*»*j''g- 
ntanitting  him  to  a  diet  very  ditFcrcnt  from  his  ordinary  one,  and  alsii 
toiflg  sickness. 

3d.  TTio  nitio  between  tlio  quantity  of  oxygen  contained  in  the  car- 
^VJc  acid  and  the  quantity  consumed  depends  more  on  the  .  a„^„  ^ 
tttnreof  the  (bod  tlian  ontheckss  to  which  the  animal  !»•  rw>d  xml  fut- 
MtfV,  bang,  wiien  the  animals  arc  starving,  the  Hame  aa  it  is  "''^' 
niwD  tbey  are  fed  upon  meatf  or  pcriiape  a  trifle  less.     From  fliis  tlie 
Woesting  eondnsion  niny  W  drawn  that  a  slan*ing  animal  fumi.'thcs  to 
du  air  of  respiration  bis  own  substance,  wbich  is  of  course  of  the  same 
Ware  at  the  flMh  he  eats  when  dieted  on  meat.     All  hot-blooded  aui- 
Qals  present,  when  they  are  slar^'ing,  the  rcsjiiratinn  oi  ciimivora.     The 
alio  tar  the  Hune  animal  varies  from  0.G2  to  1.04,  according  to  the  ua- 
ram  of  the  diet 
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4th.  In  fowls,  submitted  to  their  usual  diet  of  grain,  there  is  often 
RespirariMi  more  oxygen  in  the  carbonic  acid  disengaged  than  was  furnished 
of  birds.  {^  (jjg  gi^  \fy  respiration.  The  surplus  of  course  comes  from 
the  food. 

5th.  The  quantity  of  oxygen  consumed  in  a  given  time  varies  with 
,  „  -  the  state  of  digestion,  motion,  and  other  circumstances.     Com- 

motion, age,  pared  together,  the  consumption  is  greater  among  the  young 
**  "'■  than  among  adults,  greater  among  those  that  are  lean  but  in 
good  health  than  among  those  tiiat  are  fat. 

6th.  If  we  take  an  equal  weight  of  the  animals  under  examination,  the 
...  quantity  of  oxygen  varies  much  witli  their  absolute  siae; 
the  size  of  ani-  thus  it  is  ten  times  greater  among  little  birds,  such  as  spar- 
^  rows  and  green-finches,  than  among  common  fowls.     This 

is  owing  to  the  fact  that,  sihee  these  different  species  have  the  same  tem- 
perature, and  the  little  ones  present  relatively  a  greater  surface  to  the 
ambient  air,  they  must  consume  relatively  more  oxygen  to  keep  up  their 
heat  to  the  standard  degree. 

7th.  Hibernating  animals,  such  as  marmots,  when  perfectly  awake,  ex- 
p^  .  .  .  hibit  no  peculiarity,  but  when  iast  asleep  often  absorb  nitre- 
hibernating  gen.  The  ratio  crftlie  oxygen  contained  in  the  carbonic  acid 
anun  ^  ^j^^j  j^spired  is  very  low,  scarcely  amounting  to  0.4,  the 

missing  oxygen  escaping  in  the  compounds  of  the  urinary  secretion ; 
but  since  this  removal  takes  place  only  periodically,  the  sleeping  marmot 
exhibits  the  remarkable  phenomenon  of  increasing  in  weight  by  respira- 
tion alone. 

8th.  The  consumption  of  oxygen  by  sleeping  marmots  is  veiy  small, 
scarcely  -^  of  what  they  require  when  awake.  At  the  moment  they 
awaken  from  their  lethargy,  their  respiration  becomes  extremely  active, 
and  during  the  period  of  their  awakcTung  they  consume  much  more  o^- 
gen  than  when  they  are  completely  awake.  Their  temperature  rises  lap 
idly,  and  their  members  gradually  lose  their  stiffened  state.  While  tor- 
pid they  can  remain  without  difficulty  in  an  atmosphere  which  would 
suffocate  them  in  a  few  moments  if  awake. 

9tli.  Cold-blooded  animals,  for  an  equal  weight,  consume  much  less 
Respiraiion  of  ''^XS^"  *^'*"  hot-bloodcd.  P'rogs  with  their  lungs  cut  out 
w»id-biooded  continue  to  breathe  with  nearly  the  same  activity  as  before, 
often  living  for  several  days,  the  proportions  of  the  gases 
absorbed  and  disengaged  differing  little  from  wliat  is  observed  in  the 
"case  of  uninjured  frogs.  This  shows  that  their  respiration  can  be  con- 
ducted by  the  skin.  The  respiration  of  earthworms  is  the  same  as  that 
of  frogs,  as  regards  the  quantity  of  oxygen  consumed,  when  they  are  com- 
pared under  an  equal  weight 

10th.  The  respiration  of  insects,  such  as  May-bugs  and  silk-worms, 
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IB  mucli  more  aotlve  tlian  that  of  reptiles.  UiiJer  an  exjuai  iiMpir«tiQn  gf 
ire^hl  thry  consume  iiearly  aa  much  oxygen  ait  niaiuniulia:  *'*•*«»• 
ibe  mntparatire  luwness  of  their  tciupcraturc  is  duo  to  the  rclativdj 
gmt  Furface  and  iDoiet  exlerior  tlioy  jin-scnt  to  the  nir.  It  is  to  he  n^ 
mrkrd  that  we  are  here  t-om paring  the  respiration  ot*  insects  with  ihnt 
if  mammalia  whoso  weights  may  be  Irom  2(XX)  to  10,000.  times  a& 
etMt. 

llth.  The  respiration  of  nnimala  of  different  classes,  ia  an  air  con- 
luuing  two  or  tlireo  times  as  much  cxygtjn  as  the  atmoft-  nokct  afin- 
phere,  does  not  differ  from  existing  respiration;  itidecil,  tlii-  *^"»1''k '*"• 
uumals  do  not  appear  to  perceive  that  they  arc  in  a  nieiiium  ygm. 
jiffiavnt  from  the  ordinary  atmosphere. 

12ih.  nie  respirauon  of  animals  in  a  niedium  in  which,  for  the  moat 
pfft,  hy<irogcn  replaWM  the  nitrogen  of  our  atmoaphcrc,  scarcely  differ.'* 
ftcTO  esisting  respiration ;  only  there  ia  remarked  a  greater  consumption 
irfoiT^n,  due  j>erhap8  to  the  neccsisity  of  compensating  for  tlie  increased 
cooiiog  arising  from  the  contact  of  hydrogen  gas. 

The  introduclioD  of  olr  into  the  system  is,  to  a  certain  extent,  auto- 
mtic.  and,  to  a  certain  extent,  depojidcnt  on  the  mil.  In  tranquil  res- 
fouion  we  arc  wholly  unconscious  of  the  motion ;  the  ex-  „  . 
diiog  im{irc59ion  is  made  on  the  pneumogaslric  nerves,  and,  vvU-ca  in  re*- 
hoaj  conveyed  to  the  respiratoi^*  ganglion,  the  medidla  ol>*  f"*'*™- 
lotigAla,  ia  there  so  reflected  that  tlirough  tlie  agency  of  the  phrenic  nerve 
notion  takes  place  iu  tiie  diaphragm.  The  automatic,  and  therefore  un- 
('mftaouB  movement,  to  a  certain  extent,  occurs  in  that  way.  Hut  there 
»  no  dooht  that  the  brain  also  participates  in  the  function.  \o  other 
^T>lenue  of  this  is  re<|uin'd  tluin  that  we  can  "  hold  the  breatli,''  and  the 
nlithpe  share  that  the  voluniury  and  automatic  mpchanisms  lake  is  illas- 
tmed  hr  the  circumstance  that  this  holding  of  the  breatli  can  only  he 
pSRsted  in  for  a  certain  time,  when  the  necessity  for  respiring  becomes 
ihogetlicr  uncontrollable. 

It  is  not,  however,  to  he  snppose<l  that  so  important  a  condition  as 
lial  of  the  introduction  of  the  air  is  only  sknderly  provided  for.  Jlany 
'4lier  nciTGS,  1)csideg  those  mentioned,  take  part  in  it  directly  or  indi- 
rnrtlj-;  thr  liflh  pair,  the  nerves  of  the  general  snrfoce,  and  aUo  the  great 
(^mpalbetic,  the  intercostals,  tlio  spinal  accessory,  which  probably  gires 
9t  motcv  property  to  the  pneumogastric.  Opinion  has  ditferod  Te3|iect- 
ing  the  causfl  whidj  produces  the  neoessaiy  impression  on  the  receiring 
tierres,  iome  referring  it  to  the  presence  of  venous  blood  in  the  capilla- 
litt  of  tin  lungs,  and  some  to  the  carbonic  acid  in  the  eella.  Moreover, 
tkov  is  reason  to  behcvc  that  the  presence  of  an  abnormal  amount  of 
naoas  blood  in  the  respiratory  ganglions  will  of  itself  give  rise  to  res- 
lory  ronvcmcnta  through  the  proiKu*  centrifugal  nerves. 
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The  control  poeaessc^  by  tlic  will  over  the  introdaction  of  air  standi 
Impin^im  ill  a  close  relation  to  the  production  of  articulate  or  other 
uj^'LT'nlu'i-  wi"^»  »"tL  thenUore  to  intercommunication  between  indi- 
iv  niitninaiir.  \iduala  by  speech.  This  involves  not  merely  a  general  con- 
trol alone,  tnit  olim  a  particular  one,  which  is  reached  by  regulating  the 
movGtncnls  of  the  glottis  by  tlio  agency  of  the  8Ui)crior  and  inferior  laryn- 
geal nerves.  Hut  though  the  will  for  these  important  piir|H)3cs  eserciseB 
so  marked  a  power  of  regulation,  it  ia  to  be  looked,  upon  as  auperuddcd 
or  incidental,  and  during  sleep,  coma,  and  that  larger  portion  of  life  which 
is  spent  in  total  inattention  to  the  canying  on  of  ihis  ftinction,  it  is  dis- 
charged in  a  purely  automatic  way. 

The  mechauisni  which  accompli  iiheis  tluj  surprising  resiUts  of  respira- 
Ruaaitii  uT  t«.  tiou  may  tlierefore  well  clmllenge  our  adtnirution.  As  a 
pwMiun.  Helf-ncting  or  automatic  contrivance,  over  which  we  have  not 

•  neceasery  control,  it  originates  in  a  ttinglc  year  nearly  nine  millions  of 
separate  motions  of  breathing,  tt  never  fatlgiu-s  us;  indeod,  wc  tax 
never  conscious  of  its  action.  In  the  same  time,  »  hundred  thousand 
cubic  feet  of  air  have  been  introdnced  and  exi>elled,  and  more  than  thir- 
ty-five hundred  tons  of  blood  have  l)ecn  aerated.  In  a  future  page  wc 
shall  have  to  present  the  wonderful  mechanism  by  which  aerial  currents, 
as  they  pass  in  and  out  of  the  respiratory  apparatus,  are  incidentally  em- 
ployed as  a  means  of  jirodueing  niusicid  notes  or  artienlate  sounds,  and 
of  thus  establishing  a  rclaiion  and  communication  between  diilerent  in- 
dividuals. By  these  the  foeUngs  and  thoughts  are  diffused,  and  in  a 
mechanical  origin  commence  those  bonds  which  hold  society  together. 


ANIMAL    HEAT. 


175 


CHAPTKR  X. 


•  OP  ANIMAL    HEAT. 

nnk^faHtm  of  Ortfmie  FormntM  rrtental  VariatkmM  of  Tnojirmturf^—Mrrinnumi/or  eomtlfr- 
fafaAy  litat  l'ariari<mt. — Dcrrlupiaail  of'  Unit  in  P/nutt  at  titrmimtim  and  IiJIarwMrmg. 
—If*  CuMMi  M  tjxid/ltw^. —  Onmntrtum  (jf  ttfipimtuM  oiul  Ilatl. — Trmf/rralurr  i^  Man.— Hi* 
l^rtf  ijf  tUtiMmmx. —  TV  diarau/  VariaiiaHi  ^  Utat.—  OMttetiom  ^  tAne  l'itri<aitmM  with 
mpmitJ^riaiMeititM, — ABami  Variatkmi  o/ Jteal. — CaUrUortf  ihea  t»f  i-'oad,  i'tiltaiiQ,  mmJ 
ahhr. — So&m  qf  Amimit  Ileal. — f-^Kl  y  Variationa  in  iMe  food  imd  in  iht  rtjijnrtti  Mt- 
imt,  hmk  wa  Ttfpn^M  iis  .Varurv  (nut  RarrfttaiiMi. — IJyhtmaliim.~^StamUiaK. — Art\fi(ial  tit- 
JMm  of  TvmpfnUwrt  fty  BbodJtttimg. — i*nattpiet  if  Htduetim  vf  Tfw/NraMrr. — Aarfia- 
'im.^i\mtaKt. — tCr^tcratitm.—T^r  Valanrt  with  t^e  Jfeatity  Proctatn. — Lotai  K<wil«- 
6m»  rfinnMfrrf  Aj  ike  CircMiatim. — Gmtnt  by  fb  A'trrcHH  StfMm. — Us  jtMfsical  Abtir& — 
JiMutrvfUm  of  C^ryiutn-  Oodim. 

Otiko  to  tlie  earth's  diurnal  rotatiou  on  its  axis,  and  its  annual  movc- 
WBt  of  translation  round  thn  sun  in  an  orbit  inclined  to  the  »  _,  .„  , 
fijBalur.  variations  ot  teniperatnn;  arise,  the  TicisMtudea  of  exitnui  um- 
Bunmcr  and  winter»  day  and  night.  P««iw«. 

In  llieae  variations  all  objects  upon  the  surface  of  the  planet  partici- 
^;  organic  forms  are  no  exception.  As  the  heat  of  the  medium  in 
vtiich  ihey  live  asccndit  or  dcsceud»,  theirs  foUuws  it  at  a  rate  de)x>nd- 
dt  on  Ibcar  conduct  ibilitj. 

like  mineral  Rufastances,  the  more  lowly  forms  of  life  suhinit  to  thcae 
dugea.  Tliey  itave  no  ])rovision  for  clic(^k  or  coni])cniuition.  ureBtUr  fomu 
hi  Slimmer,  the  tem])erat«re  of  the  ntcm  of  a  irep  riaca  witli-  [b^v^lrt^'" 
«a  bay  rejttraint ;  in  winter  it  decline^ ;  and,  sliould  the  i»>m. 
point  W  reached  at  wliich  tliosc  nntritivc  changes  tliat  give  motion  to  the 
Mp  ceiac,  nothing  is  done  to  arrest  the  dci$ccnt,  and  tlie  m  hole  organism 
pMKs  into  a  slate  of  torpor,  liybemation,  or  temporary  death. 

Nor,  fiinco  this  following  of  a1mos|^cric  tempcraturcti  luust  take  place 
n  ercty  orgaiiiBni  as  well  as  tn  every  mineral  body,  the  con-  codbimbuUiii; 
•foction  of  one  having  a  uniform  mode  of  existence  in  all  UJ^hn^W 
^■ntet  and  all  seasons  implies  a  resort  to  some  sut>flidiary  trit>o». 
"''ichmiiam,  which,  tlioogh  it  may  not  check,  may  yet  compensate  for 
•ww  Ticiftuititdes.  Accordingly,  go  nearly  is  this  equalization  acrom- 
r^'M  in  the  highly-dcvclu|)ed  tribes*  and  n  stmidard  teni]>erature  so 
'^y  attained  for  them,  that  many  physiologist^  misled  by  imperfect 
•*tivation«,  have  concludt^  that  such  living  buitigs  aa-  vmanciijated  by 
utan  frum  the  o])cration  of  physical  laws :  on  erroneous  concluBion,  for 
■  them  that  action  is  onlv  concealed. 
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In  different  races,  the  mechanism  bj"  which  these  variationa  of  atmoe- 
pheric  temperature  are  balanced  acts  with  diferent  d^rees  of  perfection. 
,  ,.     ^ ..      On  this  a  subdivision  has  been  founded,  and  animals  classi- 

Cold  mnd  hot 

blooded  ani-  tied  as  the  cold  and  liot  blooded.  We  are  not,  however,  to 
""^  attach  much  importance  to  such  an  arrangement :  it  is  rather 

imaginary  than  founded  on  any  real  distinction.  In  man,  the  tempeiar 
ture  is  near  100°  ;  in  fishes,  it  is  about  that  of  the  water  in^which  tb^ 
live.  Insects,  in  their  larva  and  pupa  condition,  are  cold-blooded;  in 
their  perfect  condition,  hot. 

We  have  now  to  explain  what  physical  principles  are  resorted  to  in 
solving  the  problem  of  maintaining  an  organic  form  at  a  constant  tem- 
l>eratnre  in  a  medium  the  heat  of  which  is  variable ;  and  as  we  may 
reasonably  anticipate  that  these  principles  are  the  same  in  every  tribe  of 
life,  it  will  facilitate  our  investigations  to  commence  with  the  simplest 
cases  first. 

There  are  two  periods  in  the  life  of  a  plant  daring  which  it  simulates 
Two  period!  of  ^^^  functions  of  an  animal  in  maintaining  a  temperature 
heat  in  plants,  higher  than  that  of  the  surrounding  air.  These  periods  an, 
Ist,  at  the  germination  of  the  seed ;  2d,  during.the  functional  activity  of 
the  flower. 

It'  a  mass  of  seeds  be  laid  together,  as  in  the  making  of  malt,  the  op- 
Ueat  of  germ-  cration  being  conducted  at  a  gentle  temperature,  and  with  the 
ination.  access  of  atmospheric  air,  oxygen  disappears,  carbonic  acid  is 

set  free,  and  the  temperature  rises  forty  or  fifty  degrees.  A  process  of 
oxidation  must  therefore  have  been  carried  into  effect,  and  to  it  we  trace 
the  heat  disengaged,  for  carbon  can  not  produce  carbonic  acid  without  a 
rise  of  temperature  ensuing.  The  loss  of  weight  which  a  seed  exhibits 
is  therefore  due  to  its  loss  of  carbon,  and  the  whole  effect  is  explained  in 
the  statement  that  atmospheric  oxygen  has  united  with  a  portion  of  car- 
l)on  contained  in  the  seed,  producing  carbonic  acid  gas  and  an  evolution 
of  heat. 

Again,  during  flowering,  the  same  action  is  repeated.  The  flower  re- 
Hcatofinao-  luovcs  from  the  surrounding  air  a  portion  of  the  oxygen  it 
rescence.  contains,  and  replaces  it  with  carbonic  acid,  the  temperatnie 
rising,  as  accurate  experiments  have  proved,  in  absolute  correspondence 
with  the  quantity  of  oxygen  consumed.  Nor  is  this  elevation  inaignifi- 
oant.  A  mass  of  flowera  has  been  observed  to  raise  the  thermometer  from 
66^  to  121°. 

If  thus  the  disengagement  of  warmth  is  the  result  of  oxidation,  it  must 
Oxiiiaiion  the  depend  on  the  prcscncc  of  air,  and  be  regulated  by  the  rapidity 
devatioiw  oT  ^'*^  wliich  oxygen  can  be  supplied.  As  we  pass  from  the 
temperature,  consideration  of  plants  to  that  of  animals,  we  discover  that  the 
production  of  heat  must  he  connected  with  the  power  and  precision  with 
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whirli  ihe  respiraion'  ap]wiratu3  works,  tor  U  is  through  its  agency  that  air 
is  intTodnccd.     Kxtcnsivc  obsen-ation  accordingly  establishes  a  dose  cor- 
R!iipondenc«  in  each  animal  tribe  between  the  quantity  of  heat  produced  and 
the  tajMbility  of  respiratory  apparatus.     Thu  lower  tribes  breathe  slow- 
ly and  arc  cold.     Karthworms  are  only  a  degree  or  two  wanner  than  the 
gnntnd ;  and  even  among  vertebrates,  fishes  arc  only  two  or  three  degrees 
muner  than  Uiu  water,  a  lowness  of  temperature  iu  a  great  measure  do- 
poiding  on  the  high  coohng  agencies  which  that  liquid  ex-  c„„n,^(,„of 
crta,  its  apccitic  heat,  and  tlic  facility  with  which  currents  are  rc«pir»tioauid 
cttibUihed  in  it.     tfowevcr,  even  in  these  cases  the  produc-    "^ 
liim  v(  heat  depends  on  the  power  of  the  respiratory  engine.     The  bonito 
can  k«ep  its  heat  20'^  above  that  of  the  sea,  and  the  narwhal  uminluiuB 
k  steady  temperature  at  9(3^. 

The  organic  operations  involved  in  nutrition,  and  also  the  retrograde 
dnnges  of  decay,  can  only  go  on  at  their  accustomed  rates  so  inriuuiMlity 
bi^  IS  standard  limits  of  tcmjMTature  are  observed.     The  of  «rg«ntc  •»• 
pi^  progress  of  the  actions  of  life  implies  a  corresponding  («iiiiit«  tan- 
rijoftmcnt  of  heat,  and  this  irrespective  of  the  mere  size  of  i*f**«"'- 
theuoznaL     Even  those  that  arc  microscopic  must  come  under  this  rttl& 
Who  the  temperature  of  a  liquid  containing  infusorial^  is  caused  to  do< 
Ktodlo  tlic  freezing  point  giadually,  the  last  portions  wliich  solidify  are 
dun  which  suTTonnd  each  of  ihcse  little  fnnns;  a  drop  is  kept  liquid  by 
tkheat  they  diwngagc.     In  the  wime  individual,  iho  ahiiolutc  tempcra- 
tuc  will  depend  on  its  rt.'S])inLtor}'  condition ;  thus  insects,  in  passing 
IboD^  ach  of  their  stages  of  metamorphosis,  present  a  definite  oondi- 
tioii  as  to  their  hwt :  the  lan-a  of  the  bcc  may  be  only  two  de;m^'s  above 
the  BT,  while  the  jKjfect  insect  is  10^.     Whatcrcr  acccleraita  the  in- 
tBldiKtion  and  ex])ul8ion  of  the  air«  incTeases  the  warmth ;  VarUtiom  of 
wabn  aliakun  in  a  bottle,  and  kept  in  a  state  of  constant  ^oJJrfo^no. 
nucdor  exertion,  will  raiae  the  temperature  contained  there-  t^a. 
in  Ut  higher  than  if  Ite  remains  inactive.     Among  inaects,  those  liaving 
1^  lijgwt  oignna  of  respiration  have  always  the  highest  temiierutare; 
■ad.  Bince  nmscalar  motion  impUcs  dcslmction  of  muBcular  tissue  by  os- 
wion,  and  therefore  development  of  heat,  wc  should  expect  to  find,  as 
uictitally  the  ca^e.,  that  animals  possessing  the  highest  ]>ower9  of  loco- 
'Mioti  will  possess  also  the  highest  ten]|ierature.    Ofall,  therefore,  birds, 
*^  endurance  and  energy  of  whose  (lowers  of  flight  result  from  the  per- 
BCiicin  of  their  respiratory  mechanism,  have  the  highest  tcmperatarB.     It 
oilvot  lUP,     Vet  even  here  there  are  ditfercncea:  the  sluggish  bara- 
Wt  fowl  hoif  not  the  heat  of  the  energetic  swallow. 

The  Btandnxd  tem|)erature  of  man  is  usually  stated  to  be  98^^,  but  from 
'tiii  mean  it  rangc.<)  within  certain  limit»  upward  and  down.  Tcmpcrauuv 
Mthdepcndsou  thosiate  of  tlw  health;  of  course,  every  thing  "f"*"^ 
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on  the  respiration.  In  fevers  it  will  rise  to  105° ;  in  tetanus  it  may  reach 
1 10° ;  the  contrary  in  asthma,  when  it  may  sink  to  82°,  owing  to  imper- 
fect access  of  air ;  in  cyanosis  to  77°,  owing  to  imperfect  aeration  of  the 
blood ;  in  Asiatic  cholera  to  75°,  owing  to  the  non-reception  of  oxygen  by 
the  cells  in  their  diseased  state.  It  also  varies  with  the  period  of  life : 
in  the  new-born  infant  it  is  100° ;  it  presently  sinks  to  99°,  and  rises 
during  childhood  to  102°.  Mental  exercise  in  the  adult  increases  it, 
bodily  exertion  still  more.  The  special  degree  varies  with  the  point  on 
which  the  observation  is  made :  tlie  limbs  are  colder  than  the  trunk,  and 
this  is  the  more  marked  as  the  point  is  more  remote.  On  the  1^  the 
temperature  may  be  93°  ;  on  the  sole  of  the  foot,  90° ;  while  that  of  the 
viscera  is  101°. 

In  his  residence  in  different  climates,  man  is  exposed  to  variations  of 
Kewsunceof  temperature  which  extend  over  a  scale  of  200°.  Toward 
thB  hnmw  or-  f\^f.  pojeg  the  cold  of  winter  is  often  —60° ;  in  the  tropics 

gAQlMU    to    ex-  /^  .11.  i. 

tremM  of  tern-  the  heat  of  summer  + 130°.  r  or  a  short  period  his  power  of 
perature.  resistance  is  greatly  beyond  what  these  numbers  would  in- 

dicate; he  can  enter  with  impunity  an  oven  heated  to  600°,  provided  the 
air  is  dry.  In  these  cases,  though  excessive  evaporation  from  the  skin 
moderates  the  effect  and  keeps  it  within  bounds,  there  is  alwajrs  a  mark- 
ed rise  of  temperature  of  the  whole  body.  In  a  corresponding  manner, 
exposure  to  cold  produces  depression,  as  shown  in  Dr.  Davy's  observa- 
tions. At  92°  of  the  air,  a  thermometer  imder  the  tongue  stood  at  100  J°: 
at  73°  it  stood- at  99° ;  at  60°  it  stood  at  97i°. 

Among  these  variations  there  is  one  class  which  calls  for  critical  at- 
Dinrnai  varia-  ^^^tion.  It  is  the  diumal  variation ;  less  marked  in  man, 
tion  in  Uie  heat  wbo  instinctively  makes  provision  against  it,  but  well  shown 
"  ™    '  in  the  case  of  fasting  animals.     Tliis  illustrates,  in  an  inter- 

esting manner,  the  controlling  influence  of  external  conditions ;  for  if  ex- 
posure to  a  high  temperature,  as  that  of  an  oven,  compels  a  rise  of  the 
heat  of  the  whole  body,  in  spite  of  the  conservative  arrangements,  and 
exposure  to  extreme  cold  compels'  a  descent,  we  ought  to  expect  that  ex- 
posure to  more  moderate  degrees  would,  in  like  manner,  produce  an  im- 
pression. 

The  old  astrologers  were  therefore  not  altogether  wrong  when  they  af- 
firmed the  doctrine  of  planetary  influences.  The  diumal  temperatures 
of  a  locality,  as  dependent  on  the  position  of  the  sun,  arc  expressed  in 
the  system  of  man.  The  minimum  of  heat  for  the  night,  and  the  max- 
imum for  tlic  day,  find  a  correspondence  in  the  decline  of  animal  temper- 
ature at  the  former,  and  its  rise  at  the  latter  period.  The  experiments 
of  M.  Chossat  on  birds  submitted  to  absolute  starvation  showed  that, 
though  in  their  normal  state,  at  the  commencement,  the  variation  between 
midnight  and  noon  was  only  1  j°,  it  gradually  increased  to  6°,  until  at 
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last,  the  geticrntioii  of  ]ieat  wlioll)*  ccoaing,  Uic  temperature  gave  war 
rainiUr  juKt  |ir«viou6  to  dcalli. 

If,  tlicrctbre-,  it  was  possible  for  life  to  continue  witliout  the  crolation 
of  animal  lipat,  it  would  be  with  the  body  as  it  is  with  the  Bicm  of  a  tree, 
h  would  follow  the  tlicTinoracIric  variations  in  the  air,  the  maxima  of 
beat  aad  cohl  being  nomcwhat  later  than  the  aerial  onca,  and  within  nar- 
rower limits,  by  reason  of  the  low  condncting  power.     The  nearest  ap- 
proach to  this  is  in  cases  of  absolnte  starvation,  and  though  in  man  the 
dlect  is  maaked  by  the  duo  taking  of  food,  it  none  the  less  exists.     In 
iiuraan  communities  there  is  some  ruison  beyond  mere  cus-  influmcs  or 
torn  which  has  led  to  the  mode  of  distrlbutinj;  the  daily  Ji^i^'^tJiJl^ 
mcala.     A  aavage  may  dit^patch  his  gluttonous  rc{ui»t,  and  atim. 
dim  fltarvo  for  want  of  food ;  but  the  more  delicate  constitution  of  the 
flTJlijted  man  demandrt  n  perfect  adjuntment  of  the  supply  lo  the  wants 
of  tlw  systcmt  and  that  not  only  as  respects  the  kind,  but  also  the  time. 
Et  senna  to  be  against  our  instinct  to  commence  the  morning  with  a 
beify  meal.     We  break  fast,  as  it  is  significantly  termed,  but  we  do 
no  note,  postponing  the  taking  of  the  chief  supply  until  dinner,  at  the 
miildlo  m  aSici  part  of  the  day.     If  men  were  only  guided  by  views  of 
BOODomy  of  lime  saved  for  the  jiursuits  of  business,  or  if,  on  tins  occasion. 
tbej  pat  in  ]>racticc  the  rule  tliey  observe  on  so  many  others,  of  never 
poitponing  the  gratitication  of  their  desires,  the  first  afiair  of  the  mom- 
inf;  would  have  Ijeen  an  abundant  repast.     But  against  this  something 
ritiiin  us  revolts,  and  that  in  all  classK's,  the  laboring,  the  intellectual. 
tilt  idle.     I  think  there  are  many  reasons  for  supposing,  when  we  recall 
th«  timfl  which  must  elapse  between  the  taking  of  food  and  the  comple- 
fioiii  of  lespiralory  digestion,  that  tliiu  diulribution  of  meals  Js  not  so 
mdi  a  matter  of  custom  as  an  tnslinctivc  preparation  fur  the  systemic 
nanndtdll  of  temperature  attending  on  tho  maxima  and  minima  of  daily 
int.    Tlic  light  breakfast  has  a  preparatory  reference  to  noonday,  the 
■Jid  dinner  to  midnight. 

Once  more  1  would  remark,  that  wc  must  not  be  deceived  by  the 
naked  aspect  which  the  system  in  this  matter  presents.  couunUcm  of 

Iti  dionial  variations  are   concealed   bv  agencies  brought  v«riatioi»  of 
.„     .  ■       ,•       ,  '   .         1  •  .  ■     li«u  wiih  or. 

(pcciftUy  into  n[)CTation  tor  that  jmrpose,  but  they  cJtist  in  pn\e poriodi. 

tiw  physical  necessities  of  ilic  case;  and  herein,  I  believe,  **''*•• 

"7  bare  a  first  glimpse  of  the  caUAe  of  those  iiertodiritics,  which  physi- 

cims  from  the  earliest  times  have  remarked ;  for,  though  the  nervous 

TWfrn,  both  in  a  state  of  health  and  disease,  may  swm  to  Im-  their  nrj- 

■lat,  it  is  not  iinpoHsible  tliat  its  changes  are  connected  with  variations 

tloit  taking  phioc  in  the  exlemal  world. 

Wo  have  next  to  considtir  the  eifect  of  the  annual  varia-  Annual  T«ri«- 

•Wii  of  temperature,  which  reach  their  maximum  aoou  after  ^"  ^  *•■**• 
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mid-amniner  and  their  minimum  soon  after  mid-winter,  the  manner  in 
which  the  system  comports  itself  under  them,  and  the  means  which  in- 
stinct and  experience  teach  us  to  employ  in  providing  gainst  them. 

The  tables  of  mortality  show  that  there  is  a  loss  of  life  at  the  annual 
Eifect  of  maximum  and  minimum  of  temperature  which  greatly  ex- 

ii  Tuiktions  ceeds  the  average  of  any  other  period.  In  England  and  Bel- 
on  KIM.  gium,  where  the  mean  temperature  of  the  summer  months  is 

moderate,  this  is  not  so  strikingly  marked  for  those  months,  and  the  chief 
loss  falls  upon  the  winter ;  bat  in  New  York,  which  has  a  summer  cor- 
responding to  that  of  the  south  of  Europe  and  a  winter  like  that  of  the 
north,  the  effect  of  these  extremes  becomes  so  obvious  as  even  to  be 
popularly  connected  with  the  position  of  the  thermometer  above  or  below 
55°.  Among  infants  and  the  aged,  whose  controlling  powers  over  tem- 
perature are  imperfect,  these  effects  are  most  distinctly  witnessed ;  bat 
among  healthy  adults,  and  even  in  Europe,  we  can  detect  them  on  crit^ 
ical  examination.  Thus,  in  Brussels,  the  monthly  mortality  for  January 
being  taken  as  105,  that  for  July  is  91,  for  August  96,  and  for  October 
93 ;  and  it  is  to  be  recollected  tliat  these  are  the  residual  traces  of  the 
operation  of  cold  and  heat  after  all  the  precautions  have  been  used  to 
ward  them  off.  I  might  make  here  the  same  remark  that  was  made 
when  considering  diurnal  variations,  that  the  true  effect  is  so  masked  and 
concealed  that  we  are  liable  to  undervalue  it,  and  do  not  properly  appre- 
ciate this  tax  put  upon  the  system. 

These  annual  variations  of  external  temperature  are  chiefly  combated 
Control  over  ^7  ^ood,  clothing,  and  shelter.  The  dietetic  changes  we  make 
umu«l  vari«-  between  winter  and  summer  are  founded  upon  the  principle 
I'lotbing,  Bhei-  of  using  more  combustible  food  for  the  former,  and  less  com- 
**■■■  bufltible  for  the  latter  season ;  and,  since  the  calorific  ef- 

fect of  an  article  of  food  greatly  depends  on  the  quantity,  of  oxidizable 
hydrogen  it  contains,  the  winter  diet  has  more  of  that  clement  than  the 
summer.  Partly  thus  by  varying  the  nature,  and  partly  by  varying  the 
quantity  of  the  food,  we  can  effect  a  compensation  to  a  certain  extent. 

Of  the  manner  in  which  the  diet-compensation  is  aided  by  variations 
in  clothing  little  needs  to  be  said.  The  experiments  of  Count  Rumford 
established  the  fact  that  the  conductibility  of  summer  clothing  is  greater 
than  that  of  winter,  and  therefore  its  resistance  to  the  escape  of  heat  is 
less.  It  is  sufficient  merely  to  allude  to  the  omtrol  which  is  gained  by 
difference  of  thickness  in  the  garments,  and  by  their  amount  or  quan- 
tity. We  instinctively  make  these  adjustments  to  meet  the  existing  ex- 
igencies, and,  as  far  as  may  be,  in  this  manner  aim  at  a  medium  efifect. 

The  check  upon  external  temperature  by  the  use  of  clothing  was  doubt- 
less one  of  the  first  contrivances  of  the  human  race.  Even  of  savage  life 
it  is  a  cardinal  feature.     Tlie  check  by  adjustment  of  diet  belongs  to  a 
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civilized  dtati*,  since  it  implies  a  oertaiti  control  over  the  anim&l  appetite 

ind  pcreonal  self-denial.     Thoagh  prat  improvements  in  Imtli  of  lh«»e 

will  (lonbiloas  hereaftor  be  raado,  wlien  the  principles  of  their  opemtioii 

uo  mote  generally  and  better  understood,  they  mnfit,  even  in  their  pres^ 

CM  condition,  bo  regarded  a.<t  having  readied  a  higher  perfection  than  tbe 

ilbtsk  "by  resorting  to  shelter.     The  art  of  constructing  dwelling-lionaW 

miy  be  mid  to  be  yet  in  its  infancy  in  all  parts  of  the  world,  j^^,|„   ^^ 

tai  jt't  in  no  parfiailar  ia  the  physical  condition  of  females  porAciioitt  rf 

lad  cliiidren,  and  especially  of  the  sick,  more  nearly  touched.  '"*"^* 

It  is  only  vitliin  onr  own  times  that  attention  lias  been  drawn  to  the 

popor  mefliods  for  the  admi^i^ion  of  warmth,  and  air,  and  li^bt ;  the  hy- 

pmie  tndaences  of  fnmitnm  and  decoration  are  unknown,  beyond,  per- 

lape,  a  popular  impression  that  it  is  unhealthy  to  be  in  a  recent ly-|Hunt- 

d  apartment,  inexpedient  to  sleep  in  a  chamber  where  there  arc  flowers, 

mA  inplea^ant  in  tnimnier  to  have  a  carpet  on  the  floor,  because  it  looks 

mn,  and  is  thought  to  generate  dust.     The  owner  of  a  palace,  on  which 

mlib  baa  been  fruitlessly  lavished,  finds,  on  a  cold  day,  that  he  can 

Mt  obtain  (xam  hit*  f)arlor  fire  the  ncccsBary  ivarratlt  unless  by  altcmats- 

I;  tuning;  xonnd  and  round.     The  testy  valet udiiuuian  sits  in  bis  ea.<iy> 

dwr,  tormented  by  drafts  coming  in  from  ever)'  quarter.     In  hta  vain 

■tteiBpts  to  stop  the  offending  crevieea,  it  never  occurs  to  him  that  his 

dBBaey  is  a  great  exhausting  machine,  which  is  drawing  the  air  out  of 

t^  tuom,  and  that  his  means  of  warming  and  ventilation  are  the  most 

■Mmbte  that  could  bo  resorted  to,  ifince  radiation  can  worm  only  one 

■dtofa  thing  at  a  time,  and  frct^h  air  under  tboi>e  conditions  can  otdy 

U  introduced  by  drafts. 

To  wanii  rooms  by  contrivances  such  as  the  open  firc-plaeo  or  afove 
■  ttbriooflly  unphiloaophical,  since  the  effect  of  these  is  to  ex-  ofirtidd*! 
Iboh  tiie  air  of  the  apartment.  The  modem  method  of  warm-  '"■»»t^ 
■6  hf  faniaces,  which  act  by  throwing  air  duly  moistened  and  of  the 
o|^  tenperatore  into  the  rooms,  and  therefore  by  condensation,  Is  clear* 
If  t  better  systent,  since  it  not  only  puts  an  end  to  all  drafts,  the 
tendency  being  to  force  air  out  through  every  crevice  instead  of  drawing 
■tin.  hut  it  possesses  the  inappreciaUe  advantages  of  giving  uniformily 
rfwtrmih,  B  perfect  control  over  the  d^^ce  of  heat,  and  likewise  over  the 
•rtiBe  of  the  air.  which  need  not  be  drawn  from  the  cellar,  or  the  con- 
(ittBaled  impnrity  of  the  street,  Imt  by  suitable  flues  from  the  free  and 
<^airal>ore.  Ventilating  contrivances  which  can  cheaply  and  effectn- 
•Dyfotce  a  snpply  of  srliliciaUy  cooled  air  in  the  summ^'r,  and  warm  air 
*4e  winter,  into  dwelling-houses,  arc  still  a  great  desideratum. 

fly  tljc  aid  of  diet,  clothing,  and  shelter,  we  aie  able  to  effect  an  almost 
*VBple(e  oompeosation  for  the  changes  of  dtnmol  and  annoal  temper- 
Uttti^  and  ereo  to  occupy  any  climate  of  the  globe.     It  is  the  manage- 
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ment  of  caloric  which  makes  man  what  he  is,  and  constitutes  his  speeia] 
prerogative ;  his  degree  of  skill  therein  is  the  measure  of  his  civilization. 
The  distribution  of  plants  and  animals,  or,  rather,  their  limitation  within 
fixed  boundaries,  depends  on  the  distribution  of  heat,  but  from  these  re- 
straints man  is  free,  because  he  can  control  temperatures. 

From  these  considerations  of  the  effect  of  external  heat  on  the  human 
mechanism,  we  return  to  a  more  critical  examination  of  the  modes  bj 
which  heat  is  generated,  and  its  degree  regulated  in  the  body. 

In  every  instance  we  assert  that  the  production  of  animal  heat  is  doe 
Sonrce  of  ut-  to  Oxidation  taking  place  in  the  economy,  and  giving  rise  to 
mal  he«t.  carbonic  acid,  water,  and  other  collateral  products.  It  is  not 
necessary  to  attach  any  weight  to  the  experiments  of  Dulong,  which  seein- 
ed  to  indicate  that  not  more  than  four  fifths  of  the  heat  actually  pro- 
duced could  be  owing  to  the  oxidation  of  carbon,  nor  to  those  of  a  like 
kind  of  Despretz.  The  method  they  resorted  to  for  the  measurement  of 
the  disengaged  heat  was  open  to  error ;  the  numbers  they  employed  as 
representing  the  combustion  heats  were  incorrect ;  nor  did  they  make  any 
allowance  for  other  substances,  such  as  sulphur  and  phosphorus,  which 
are  simultaneously  oxidizing,  and  the  products  of  their  combustion  escap- 
ing by  the  kidneys. 

Reduced  to  its  ultimate  conditions,  the  evolution  of  animal  heat  de- 
Effect  of  more  pends  ou  the  reaction  taking  place  between  the  air  intro- 
diment!'M*«i-  ^"^^cd  by  respiration  and  the  fo«>d,  and  as  either  one  or  other 
uohoi.  of  these  is  touched,  the  result  may  be  predicted.     If,  for  ex- 

ample, into  the  digestive  canal  alcoholic  preparations  be  introduced,  they 
are  absorbed,  by  reason  of  their  Uquid  condition  and  diffusibility,  with 
readiness.  The  combustibility  of  alcohol,  and  the  amount  of  heat  it 
yields,  are  so  great,  that  the  primaiy  effect  of  the  oxidation  which  ensues 
is  a  warmth  or  feverish  sensation.  By  reason  of  the  changes  which  are 
now  taking  place  so  actively  in  it,  the  blood  circulates  with  unwonted 
rapidity,  and  the  supply  to  the  brain  increasing,  that  organ  exhibits  an 
unusual  functional  activity.  But  this  display  of  intellection  is  only  tem- 
porary, and  an  opposite  condition  soon  comes  on,  for,  more  carbonic  add 
accumulating  in  tiie  blood  than  the  lungs  can  get  rid  of,  the  depressing 
effects  of  that  body  commence,  and  eventually  the  symptoms  of  poison- 
ing by  it  ensue. 

Not  unlike  this  is  the  train  of  effects  which  arise  when,  instead  of  v»- 
Effbctofamore  rying  the  nature  of  the  article  ingested,  we  vary  that  of  the 
iwrt^of  ra^-  S*^  respired.  An  energetic  supporter  of  combustion,  like  the 
ration  than  air.  protoxide  of  nitrogen,  gives  rise  to  a  feverish  glow,  cerebral 
activity,  to  be  followed  eventually  by  a  deep  depression,  the  poisonous 
influence  of  the  carbonic  acid  produced  being  exhibited.  After  a  while 
the  system  casts  it  off,  and  recovers  its  condition  of  health  completely. 
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be  an  ftbetiiicncc  from  food,  since  tli«  introdaction  of  air  by 
ion  eoca  on  witbout  almtcmtnt,  tlic  IxMiy  itself  must    .   , 
nukf^  oxidation,  lose  weight,  and  emaciation  occur.     Its  inai  dtM  of 
toidency  to  follow  the  diunml  variations  of  temperature  be- 
oMnc  more  and  more  strikingly  iuarkeJ  as  tlio  process  of  Htan'ation  goes 
on,  aad  tinally  a  rapid  and  tiiiclieukeil  decline  of  the  heat  ensues.      Y'et 
enn  then  Hfo  may  be  preser^'ed  by  the  application  of  sufficient  external 
wnnitb,  and  from  an  cxtrerae  condition  of  attenuation  an  animal  may  be 
mcned  by  the  use  of  fowl ;  but  for  audi  a  recovery  the  external  wunntb 
nrast  be  continued  until  tliere  has  bei-n  time  for  digestion  and  absorj>tion 
to  like  \i\ace.      U,  however,  such  an  extmncous  aid  be  not  duly  applied, 
lW  tciii|K>raturo  of  the  stan'ing  animal  goes  on  diminishing,  and  he  dies 
rfcoia. 

Tin?  doLlrine  we  arc  here  inculcating,  that  animal  liL-at  is  due  to  oxida^ 
tiMi  in  tilt-  aystciii,  ia  slill  further  strikingly  illustratiHl  by  „g  . 
viat  might  be  Icrmed  stan-ing  the  respiration.  A»  cold  is  apiriaennstd 
Ul  ham  want  of  food,  bo  also  it  is  from  wiint  of  air.  In  as-  "''' 
andmg  higli  mountains,  the  eifect  u|x»n  the  system  has  been  graphieally 
acfmsed  as  •*  a  cold  to  the  marron'  of  the  bones ;"  a  <lifficulty  of  making 
BiMcalar  exertion  is  exporii-newl;  llw  Htrongest  man  can  Pcarrely  take  a 
kw  «t<p9  without  resting;  the  operations  of  the  brain  arc  intertcred  witll ; 
tben  is  a  propensity  to  sleep.  The  explanation  of  all  ihia  \a  very  clear. 
Ill  llie  accustomed,  volume  of  air  received  at  euL-h  inspiration,  tJicre  is  a 
iw  quantity  of  oxygen  in  proportion  as  the  altitude  gained  is  higher. 
Fim  can  ecarce  be  made  to  bum  on  such  mountain-tops ;  the  air  is  too 
lUn  aud  rare  to  support  them ;  and  so  thoeo  combustions,  which  should 
9»  on  at  a  ineaaured  rate  in  Uie  interior  of  the  body,  arc  greatly-  r&* 
^ced  in  intensity,  and  lienee  tlic  sense  of  a  penetrating  cold.  Such 
jotmcy*,  moreover,  illualratc  how  completely  the  action  of  the  muscular 
■)WtQD,  and  aUo  of  the  brain,  is  dependent  on  the  introduction  of  air; 
nd  nsdcr  the  opposite  condition  of  tilings,  where  men  descend  in  diving- 
Ida,  though  surroimded  by  the  chilly  intluences  of  tlte  water,  tltey  vx- 
fonenoa  no  corresponding  sensation  of  cold,  because  they  are  breuthing  a 
MapRsued  and  cundeiised  atnioitphcrc. 

liic  mpiratory  apparatus  of  certain  animals  i>crmiis  a  reduction  in  the 
•awiiit  of  air  introduced  under  exposure  to  a  due  degree  of  „ 
tali    Such  animais  arc  said  to  liybcmalc.     At  the  com-  b^LcmatisK 
•Hg  OB  of  winter  tlieir  adipose  tissues  ore  engorged  with  fat.  •"'■■■*»• 
ii  they  pass  into  their  annual  sleep,  the  rale  of  their  respiration  falls. 
Tbetnamiot,  whicli  in  activity  will  make  140  rcspirationa  in  a  minute, 
fflikn  now  bat  3  or  4;  the  temperature  oftho  body  descends,  and  combos- 
^  of  the  store  of  fat  goes  on  more  alowly.     Vet  it  does  go  on,  for*  toward 
faa^^  the  animal  haa  become  very  lean ;  sufficient  iicaC  ia  disengaged  to 
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permit  the  blood  slowly  to  drculate,  and  so  barely  to  keep  np  the  ftmo- 
tions  of  life.  If,  however,  the  stock  of  material  available  for  combostion 
is  insufficient,  the  animal  dies. 

Although  wc  can  not  interfere  with  the  rate  of  respiration,  we  can 
BednctioD  of  affect  the  quantity  of  air  introduced  into  tho-aystem  by  arti- 
tempeMtnre  by  figial  means,  as  in  the  operation  of  blood-letting ;  for  thoo^ 
and  In  morbid  after  blood  has  been  drawn,  we  may  make  the  normal  nom- 
•**'"•■  ber  of  respirations,  17  in  a  minute,  and  for  each  introduce 

17  cubic  inches  of  air,  we  have  diminished  the  number  of  discs,  which 
are  the  carriers  of  oxygen ;  and,  as  the  experience  of  physicians  in  all 
times  has  shown,  there  is  no  method  so  effectual  in  reducing  any  unusual 
or  febrile  temperature.  So,  in  hke  manner,  in  Asiatic  cholera,  the  marble 
coldness  which  the  body  presents  is  attributable  to  the  loss  of  functitm 
of  the  discs,  and  the  consequent  abatemrait  in  the  quantity  of  oxygen  in- 
troduced. 

Thus  &r  we  have  considered  the  means  which  the  animal  mechanism 
Ueduninn  f  posBesses  for  raising  its  own  temperature ;  it  remains  to  show 
redndng  the  how  it  can  also  Tegulste  it.  For  any  thing  that  has  thus  &r 
temiMratnTe.     ]jggjj  g^j^  jq  tjjg  contrary,  the  combustions  or  oxidations 

which  are  continually  going  forward  should  establish  a  constant  rise,  and 
there  most  therefore  be  some  principle  of  restraining  such  a  rise  within 
due  bounds.  Considering  also  the  incessant  vicissitudes  of  atmospheric 
temperature,  a  constant  degree  could  not  be  maintained  unless  the  sys- 
tem possessed  the  means  of  depressing  as  well  as  elevating  its  heat, 

That  the  means  of  regulating  the  heat  are  purely  physical,  wo  should 
Effect  of  cov-  expect  for  many  very  obvious  reasons.  Economy  of  heat  is 
TOMWconTct-  ^cco'^plished  by  non-conducting  material.  On  this  prind- 
ibiiity.  pie,  hair,  wool,  and  feathers  act  by  excluding  the  contact  of 

the  atmosphere,  their  low  conductibility  being  brought  into  operation. 
In  many  cases,  the  manner  in  which  this  is  done  is  clearly  intentionat 
Thus  the  down  which  is  placed  on  the  breast  of  a  water-fowl  is  to  screen 
off  the  chiUihg  influence  of  the  water,  which  is  there  chiefly  felt  as  the 
bird  swims  on  the  surface.  The  deposits  of  fat  in  whales,  their  blabber, 
at  once  affords  a  protection  through  its  imperfect  condnctibility,  and  is 
also  a  store  of  combastiblc  material  for  the  purpose  of  respiration. 

The  chief  cooling  agencies  in  animals  are,  1st.  Radiarion ;  2d.  Loss 
General  cool-  of  ^eat  by  warming  the  expired  wr ;  3d.  Loss  by  contact  of 
ing  sgendes.  the  cold  extcmal  air ;  4th,  Evaporation.  The  circulation  of 
the  blood  tends  to  estabhsh  an  interior  equalization,  so  that  local  varia- 
tions are  soon  obliterated ;  for,  through  whatever  part  the  blood  may  flow, 
it  attains  the  temperature  thereof,  and,  passing  in  succession  from  part  to 
part,  equalizes  the  heat  of  alL 

It  would  be  jiseless  to  offer  any  proof  that  a  living  being,  like  an  in- 
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onmie  maM,  Xosea  or  ■ntins  heat,  as  thr  case  may  be,  by  radi- 
iboiL     iSince,  liowcver,  m  man,  the  temticrntiirc  ih  nffnallj 
iiglwT  tlittii  that  of  tho  anrrouiiding  mcdiiitn,  the  rr,*nU  of  this  action  is 
iki  cofJing  takes  ylace.     AVith  regard  to  loss  of  beat  by  UHniiiiig  the 
oqured  air*  il  may  be  obscn-cd  tliat,  wliatcver  the  teinperaturo  of  ihe  ex- 
tomal  air  may  be,  it  ia  rai.tvd  to  that  of  the  lungs  uflur  it  lias  beeu  brougiii 
into  tjie  reepinttor)'  passa^s.      This  constitutes,  theiefore,  a  cooling 
tgency  of  vanable  power,  tor  the  loss  will  be  greater  u  the  pjctcnial  lieat 
if  lover:  if  the  »tmu.4jilicric  lenijiurature  rose  to  98°,  loss  in  thin  manner 
mnltl  cease.     Recalling  what  ban  l>eeii  Mtiil  rcttjiccting  the  mode  in  which 
m  is  intnxIace«L  it  is  plain  that  this  loss  nill  rhicHy  fall  1;^^,  ^^^^^  ^^ 
iqxin  (he  nasal  passages,  the  trachea,  and  larger  ram  iti  cations  ti^'xpindalr. 
sf  the  bmnchiul  tnbes ;  for,  by  the  time  the  ToIumQ  inspired  has  niado  its 
WIT  beyond  ibat  limit,  it«  tcmjierflturc  must  be  nearly  that  of  the  l>ody. 
Tlic  contact  of  tlie  cold  surrounding  air.  and  more  particular-  q^^^^^^^  ^f^^ 
Ijof  eorrcots  which  may  be  occurring  in  it,  act  chiefly  upon  voTruunitiiiit 
dvikili,  and  it  ia  in  pn^venling  tlits  Intts  thai  oloihing  liu-  '  ' 
eooKfi  BO  efficient.     The  ditVerenw  we  so  frequently  notice  between  the 
iBfcatiooB  of  the  tberniomcter  and  our  own  Bensations  are,  for  the  most 
pvtf  dependent  on  ihese  currents,      A  lemi>eralure  of  5(1^  below  xcro  can 
h  itunained  without  niucli  uiconvcnicnec  it'  the  air  is  perfectly  calm, 
bat  not  BO  il' there  is  any  wind.     Of  all  the  cooling  agencies,  c%'apon)lion 
11,  however,  by  far  the  nioet  energetic.     From  tho  skin  and  r^^n.  k- 
tir  air  cavities,  large  qauiiLitics  of  tho  vapor  of  water  arc  ex-  mponttMof 
Wed.     As  the  extunuJ  heat  rises,  the  sudoriparous  tnbes  act  ^^**'- 
»ilii  inerensed  energy,  and  pour  oat  their  excretion  as'  drops  of  sweat 
fafler  than  it  can  be  removed.     Tlieir  length  has  been  estimated  at  '2S 
loJcs.     Since,  at  llie  leinjicratHic  of  the  botly,  the  heat  of  elasticity  of  the 
«por  of  water  is  1  U4^,  this  continued  vaporization  from  the  skin  and 
limp  is  one  of  the  most  jjowerful  sources  of  refrigeration. 

Il  may  be  well  lo  direct  a  closer  attention  to  the  special  action  of  the 
urptaaages  and  skin  as  concented  in  these  cooling  prooeas-  v„|,|,[ji„  [^ 
%  The  dinmal  loss  of  water,  by  both  ot^na  conjointly,  is  tkf  ■ciI«d  of 
MoiIIy  estimuled  al  3J  lbs.,  of  whiidi  Uie  pulmonary  exlia^  ""  ■*'"■ 
hlion  constitutes  alioul  one  third,  and  the  cntaneoua  about  two  thirds. 
Mvakin  act»  in  a  variable  manner,  losing  more  or  less  water  as  the  ex- 
■anal  air  is  dryer  or  more  damp.  The  removal  of  water  therefore  bc- 
tSBea  a  complex  operation,  in  which  three  diDcrent  organs  arc  concerned 
'^4ke  akin,  the  Iun*.'fl,  and  the  kidneys.  Of  these,  the  skin  acts  mcteoro- 
topCiDy  and  variably,  as  has  been  just  remarked,  and  the  respiratory  or- 
pu  for  the  most  part  uniformly.  But  since  it  ia  leqnisite.  tu  the  nor- 
•*I  opeimtions  of  iho  syst<^i,  Uiat  the  diurnal  average  of  water  shonld  be 
tooTedi  the  variable  action  of  the  skin  tliruws  a  variable  action  upon 


186  BALANCE    BETWEEN    HEATING   AMD   COOUNO. 

...  the  kidneys,  for  the  excess  that  the  skin  can  not  evaporate 

tioDofthekid-  must  bc  Strained  off  by  these  organs.  In  this  regard  the 
'"'•^''  kidneys  act,  therefore,  vicariously  for  the  skin ;  and  in  hot 

weather,  'nrhen  the  cutaneous  losses  are  great,  but  little  urine  is  discharged ; 
but  in  cold  weatlier,  when  the  cutaneous  loss  is  diminished,  the  quanti^ 
of  the  urine  is  increased. 

I  think,  however,  tliat  as  regards  the  respiratory  organs,  a  distinction 
..         ..    .    should  be  made  in  their  mode  of  action.     In  reality,  tfaer 

t.va|H)  ration  in  _  J^         J 

the  air  iias-  operate  in  a  double  way.  1st.  They  act,  so  far  as  the  nasal 
*'^*'  passages,  the  trachea,  and  larger  ramifications  of  the  bron- 

cliial  tubes  are  concerned,  meteorologically,  and  therefore  variably,  for 
the  introduced  air  possesses  the  existing  atmospheric  temperature ;  is  at 
one  time  warm,  and  at  another  cold  ;  yet,  since  it  always  leaves  these 
)>a8Bage8  at  94°,  it  removes  from  their  surfaces  sometimes  less  and  some- 
times more  heat ;  but  it  is  not  so  with  the  action  going  on  in  the  aii- 
cells,  the  temperature  of  wliich,  and  of  the  air  they  contain,  is  always 
uniform ;  and  as  water  vaporizes  into  them,  it  must  always  do  it  at  a  uni- 
form rate,  and  remove  as  its  caloric  of  elasticity  a  uniform  amount  of 
heat.  I  therefore  decompose  the  loss  of  heat  by  the  respiratory  oiguu 
into  two  portions :  one,  which  is  constant,  and  taking  place  in  the  cells ; 
the  other,  variable,  occurring  in  the  large  air-ways,  and,  being  meteoro- 
logical, coincides  in  this  respect  with  the  cutaneous  loss.  In  consider^ 
ing  the  diseases  of  the  respiratory  organs,  it  is  well  to  keep  this  distinc- 
tion in  mind. 

The  establishment  of  the  equilibrium  of  temjjerature  in  an  animal  is 
Balance  be-  effected  by  the  mutual  operation  of  the  heating  and  cooling 
LiTKand cooling  arrangements.  More  or  less  heat,  as  the  system  requiies, 
arrangements,  may  be  fumished  by  promoting  or  retarding  the  oxidation 
of  respiratory  material ;  and  since  a  living  being,  like  an  inorganic  mass, 
is  subject  to  every  external  influence,  its  temperature  tending  to  rise  or 
fall  as  diurnal,  or  annual,  or  seasonal  changes  may  be,  these,  as  well  as 
Elimination  of  its  own  interior  variations,  are  held  in  check  by  the  cooling 
local  vanationa  ^j.  -wanning  powers  it  can  exert.     Local  difierences  within 

liy  the  circula-    .  *^,*  ,  ,    .  ■     ,■  i  -n  ».  i 

lionoftho  itscli  arc  eliminated  in  an  indirect,  but  still  very  enectnal 
Mooa.  manner,  by  the  circulation  of  the  blood ;  and,  considering 

the  range  of  variation  to  whicli  it  is  exposed,  and  the  frequency  of  tiie 
changes,  the  required  equilibrium  is  admirably  secured. 

I  have  reserved  for  a  more  special  and  prominent  consideration  the  in- 
Ontrolofthe  Au^i^ce  which  the  nervous  system  exerts  over  animal  heat, 
nervous  sya-  since  it  IS  upon  this  that  many  Iiave  been  disposed  to  deny 
the  great  truth  that  the  heat  of  the  body  arises  from  oxida- 
tion. They  say  that  it  is  produced  by  the  nerves.  Even  a  mental  emo- 
tion g^ves  rise  to  disturbance  of  temperature,  and  the  fece  may  be  cover- 
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■^1  with  blushes.  Moicover,  aa  ejtjKrriiiieulff  linvo  jtroveA  on  cutting  n 
TW  the  temperature  of  tlic  |iartB  it  i^iipplies  decliiius ;  on  injuring  the 
.T».*t  ncnre  centrpa  the  temperoture  of  the  whole  Bystem  Iottcts,  even 
■:.i«gh  Mtifidnl  respiration  mny  he  kept  up.  In  cases  of  paral}*ftifl,  tlic 
'iDjicniture  of  the  disabled  port  may  be  very  much  lower  tJkan  that  of 
u-  sound.  A  paralyxcd  ann  has  shown  a  eur&co  heat  of  70^  only, 
fliiiletbo  sound  one  has  Itccn  at  92^.  It  ia  altio  aaid  of  decapitated  a»i- 
hhIa  that  llivy  cool  cjuickcr  when  artiticial  respiration  is  kept  u{>  than 
tben  they  are  let  ulonc 

All  thia  may  he  rery  true,  yut  it  Is  very  (ai  from  proving  that  the 
ufTO  are  tlic  gcneratore  of  animal  heat.  'I'tif  engineer  of  a  louomotive 
<B  tcgnlatc  llic  spocd  of  iiis  train  and  control  the  production  of  steam  by 
diDwing  moK  or  lena  f^iel  on  the  lire,  or  by  supplying  it  with  more  or  leas 
or;  but  dots  any  one  impute  the  prmluciion  of  the  heat  to  himY  If 
aieddcnl  should  throw  hiui  oft',  thereby  establishing  a  »ort  of  analog)' 
idwcen  his  machine  and  the  decapitated  animals  we  have  referred  to,  the 
Mlppigc  that  would  »ood  en»ue,  and  the  dying  out  of  the  iirc,  would  by 
■I  ncuu  provQ  that  he  made  the  heat ! 

Aad  80  with  tlic  nervous  system,  its  function  is  not  a  generative,  but 
koantTDlliDg  ona  It  ddcnninc^  in  wliat  way  the  (xtnibustivc  or  oxidis- 
ing ict)o&8  abatt  go  on,  but  timl  is  a  luliUly  ditfun-nl  atlair  from  forming 
ilubrat. 

Before  specifying  more  particularly  the  views  I  entertain  ou  this  sub- 
ject, I  will  it;mark,  that  1lie  most  superficial  consideration  satisties  ub 
tliit  oxidation  in  the  system  goe«  on  iu  a  regulated  way.     There  is  not 
a  indiscrimiaate  attack  made  by  tlie  arterial  blood  on  whatever  \s  next 
tcTfln  it,  but  those  jiarticleg  only  are  removed  which  the  needs  of  the 
OBlem  m{nin*.     Thhi  therefore  implies  some  overriding  or  superintend- 
iag  ag<>iicy,  which  can  aavtr  one  atom  from  destruction  and  surrender  an- 
(itbcr.     The  portion  assaulted  may,  to  all  app«yiranoc»,  be  identical  in 
iJnrnc&l  as{H»:l  and  chemical  constitution  to  an  adjacent  one  that  is  pass- 
ed by.     lljeiv  Bcems  to  be  an  arrest  or  suspension  of  affinity  in  one  case, 
ud  its  ready  satisfaction  in  the  other. 

Tlieni  arc  sotno  well-knowtt  facts  in  natural  philosophy  which  throw 
«  flood  <£  light  on  thi»  obacurity.     If  a  piece  of  pure  zinc  p|,y^ir&i  Mti- 

l<  plsc«d  in  a  fflass  of  acidulated  water  beside  a  niece  of  "V'"  |*  **« 
"  ,  ^     ,  ,  ,  .  ,  oontni  oruit 

Copper,  so  long  as  the  metals  arc  kept  apart  no  action  wliat-  mrvviM  iri- 

ev«r  ensues;  but  if  a  conducting  ilircad  is  laid  from  one  to  ""- 
the  other,  the  zinc  instantly  begins  to  oxidize,  clouds  of  hydrogen  gas 
babbies  rise  &oui  the  cop|>6r,  and  tlie  thread  U-comcs  at  once  red-hot  and 
;ie.  On  lifting  the  communicating  thread  all  these  actions  ccaso ; 
«n  rMloring  it  they  uistanlly  recur.  AVc  think  we  explain  them  by  say- 
ing thsi  ihcy  arc  ail  due  to  the  decumjiusitiun  of  water  by  the  zinc,     bat 
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why  was  the  zinc  passive  when  alone,  and  why  did  it  assnme  tiiis  adiT- 
ity  when  merely  touched  hy  another  metal  ?  Does  not  all  this  serve  to 
show  that  Buhstances  may  be,  as  it  were,  in.  a  qoiescent  state,  and  <m  thr 
application  of  what  may  perhaps  seem  the  most  insignificant  canset  may 
suddenly  assame  activity,  and  forthwith  satisfy  their  chemical  »ifliTiiri»Mi  f 
There  is  nothing  in  the  graduated  oxidations  going  on  in  the  ^stem 
more  obscure  or  more  unaccountable  than  the  phenomena  of  a  Bimple 
Voltaic  circle.     Their  effects  are  almost  parallcL 

All  elementary  substances  appear  to  have  the  quality  of  assuming  active 
AJiotropbm  of  and  passive  conditions.  Carbon,  moreover,  presents  many 
**°^**-  intermediate  forms.     As  diamond  it  is  extremely  incomboB* 

tible,  and  is  set  on  fire  with  difficulty  even  in  oxygen  gas ;  as  lampUack 
it  will  kindle  spontaneously.  With  these  differences  in  its  relations  with 
oxygen,  it  also  exhibits  great  variations  in  its  optical,  calorific,  mechan- 
ical, and  other  properties.  These  transitions  of  state  may  be  induced  bj- 
variouB  causes,  especially  by  the  agency  of  what  are  called  the  impon- 
derable principles,  as  by  rise  of  temperature,  and  exposure  to  the  stm- 
light.  Thus,  in  the  case  of  chlorine,  I  have  shown  that,  though  it  re- 
fuses to  combine  with  hydrogen  so  long  as  it  is  in  the  dark,  an  exposure 
to  indigo-colored  light  will  cause  it  to  unite  with  explosive  energy  with 
that  substance ;  and  these  peculiarities  are  retained  by  bodus  when 
they  go  into  union  with  each  other.  Thus  there  are  two  forms  (rf  phos- 
phorus, the  one  active  and  shining  in  the  dark,  and  therefore  readily  oxi- 
dizable ;  the  other  passive,  not  shining  in  the  dark,  and  with  therefore  a 
less  affinity  for  oxygen ;  and  these  severally  give  rise  to  two  varieties 
of  phosphureted  hydrogen,  which,  though  haWng  the  same  composition, 
yet  differ  in  this  respect,  that  tiie  one  containing  the  active  form  of  phos- 
phorus is  spontaneously  combustible  in  the  air,  but  the  other,  which  (xm- 
tains  the  passive  form,  is  not  spontaneously  combustible.  FhosphoruB 
is  thrown  from  the  active  to  the  inactive  state  by  mere  exposure  to  the 
more  refrangible  rays  of  the  sun. 

The  properties  here  spoken  of  have  been  designated  by  BerzelioB  as 
Aiiotropism  of  *'^^  allotropism  of  bodies.  I  have  endeavored  to  prove  that 
organixod  bod-  aUotropism  is  the  true  cause  of  many  of  the  obscure  fiicts 
which  we  meet  with  in  the  animal  mechanism ;  for  it  is  very 
clear  that  something  so  modifies  the  relations  of  the  tissues  to  oxygen 
that  they  are  not  indiscriminately  destroyed  by  it,  but  these  parts  yield 
in  a  measured  or  regulated  way ;  and  since,  in  inorganic  substances,  the 
influence  of  the  imponderables  can  compel  the  assumption  of  an  active  or 
passive  state,  there  is  nothing  contradictory  in  imputing  to  the  nervous 
system  a  similar  power. 

In  this  manner  we  may  therefore  conclude  that,  so  far  as  tissue  de- 
struction is  concerned,  the  nervous  system  possesses  a  governing  or  con- 
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trolling  power;  (Iiat  hy  keeping  parts  in  states  answering  to  tlio  passire 

and  ftCtivc  conditions  of  inorgnnic  chcnii3ti}<',  it  can  suspend  the  action  of 

the  respired  oxyfftn  or  permit  it  to  take  effect.     This  controlling  power 

t£,  bowever,  altogetlier  dictlinct  from  a  generative  one,  and  all  tlic  heat  dis- 

o^aged  ia  due  to  oxidation.     It  is  abo  possible  that  not  oidy  are  these 

BtKteo  of  activity  or  piwsivily  impressed  on  the  tissues  by  tlie  agency  of 

the  noreB,  hut  alfio  upon  tlte  respired  oxygen  itself,  sinco  ttmt  gas  is  no 

UBoeptiun  to  tlie  role ;  it  albO  cxliilati)  allotrDpism,     Its  passive  state  is 

MBitIey*B  oxygen,  its  active  is  Ozone.     In  its  transit  from  tlte  air-cells 

into  the  Mood  it  may  experience  such  a  change,  and  have  at  once  com- 

iminicAted  to  it  a  high  dc^;rcc  of  actinty. 


CHAPTER  XI. 

OF  SECKliTION. 


iKtarft,  icrootTH,  akd  hepatic  ucnininta. 

a^«  «r  SMrHiom.—7^  ^  tmtiHfi  iftt^aaiim.—FUtfatkm  o»d  OtO  Aaim.—(if  Snu 

OWMM. — Thf  f^rtr:  fti  J)tvitopmail  md  Strmrtun. — .Sonrct,  limmlitjt,  Oou^tomlitm,  V***, 
Mrf/W  ^(V  Bik.—Ennmce  ^biMary  tnffrtdiaiU  ui  lAe  Bhod.—I'ndiitHtM  ^Sa^  md 
Jfm  m  dr  £mw.<— Okm^c  a/''A«  Blood-txtU  in  ii.—Gam-oJ  .Svmmary  oftKt/omr-jm  Artim 
l^tb  £Av/  A  pmdmm  ^U^ir  omI  i-'al,  tliutiiMt**  JtUe,  <*'  lAf  Aal  y'  fhejiitnt  O^rm'tian 
tfUl  tikod-niU,  tmd  i^tht  OmplttUM  ^nm  Ona.—(^lht  dmctUa*  tilmiI:—TlK  S/Ach: 
jt«  F\mctmu. 

Two  classes  of  sabstances  occur  in  the  blood — the  products  of  decay 
jand  the  rlrmrnts  of  niitrittoti.  The  cquililirinm  of  the  nystem  rcipiires 
'tliM  the  fonncr  should  t)c  removed  and  the  latter  appropriatoil. 

The  primary  object  of  the  function  of  secretion  is  this  dismissal  and 
■ppKOpnation,  and  therefcHe,  through  the  latter  duty,  socre-  oi^ectofMct*- 
kion  becomes  connected  with  nutrition.  ^"'^ 

The  eleiDonlary  tyjie  of  u  gland  or  orgon  of  Accretion  consists  ot  a  sac, 
*m  the  interior  of  the  wall  of  which  a  network  of  arterial  rumiti-  Tn«  of  a 
cations  is  sprcail ;  this  <1elivcrs  its  blood  into  a  similar  network  i;!*'"'- 
of  Tfina.  The  matter  which  the  gland  is  destined  1o  BC|)amtc  ooi^cti 
inm  tbe  aitcrial  capillarlcii  into  the  interior  of  the  sac,  and  is  delivered 
'  iHrongb  the  neck  or  mouth  ilicrcof,  whieJi  may  be  spoken  of  as  the  duct. 
^Il  will  be  presently  ehowu  that  the  material  which  thus  fmds  lift  way 
into  tito  interior  of  the  sac  is  iK>t  fabricated  by  that  organism,  but  is 
laodght  to  it  prc-ttxifltin^r  in  the  atlluent  current  of  arterial  blood.  As 
knowledge  ol'  ihu  I'uuctiuos  of  gUuidular  structures  becomes  more 
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prcrjap,  tiio  leas  and  less  docH  it  appear  probable  tliiit  tlw  secrctocl  matter 
is  in  any  way  cngciidcreti  by  the  gland  itself. 

Since,  with  the  exception  of  the  lungs,  which  cTcrcte  carbonic  add  and 
,,.  .  vapor  of  water,  all  tlic  great  glands  remove  the  material  they 
gUnduiM  arc  concerned  with  in  a  state  ot"  liquid  solution,  it  follows  of 
^"^'  neccasity  tliat  the  blood  of  the  artery  supplying  the  gland,  and 
that  removed  by  the  vein  from  the  gland,  difler  in  two  respects:  1st.  In 
the  ]>cculiar  material  constituting  the  solid  secreted;  and,  2d.  In  the 
quantity  of  water.  From  tlie  latter  cause  it  muat  follow  (hat  llio  venous 
biowl  will  have  a  greater  spissitude  than  the  arteri.il. 

This  elementary  or  typical  form  of  a  gland  is  but  vcrv  little  departed 
fifoni  in  those  cases  in  which  the  aac  is  elongated  into  a  tube ;  and  oven 
wheTc  this  has  been  extended  to  an  exaggerated  degree,  the  csscntiiJ 
principle  of  action  still  remains  the  same. 

from  the  consUncy  of  aspect  which  glands  present,  we  might  be  led 
iBflamMor  at  first  to  «uppo80  that  th«ir  peeuUarilic^  of  construction  dc- 
iIyTic*rio"«-  Iwmuie  their  pliy Biological  action,  tliat  tJie  liver  secretes  bile, 
lion-  and  the  kidney  urine,  because  they  have  the  special  organ- 

ization which  is  needlul  for  such  purposes.  Such  a  supposition,  how- 
ever, has  to  be  received  with  niUL-li  limitation,  as  it*  pnived  by  nunibcr- 
leas  cajH'H  of  vicariouH  action.  Thus,  in  morbid  difticullies  of  llio  liver, 
the  akin  will  discharge  ita  duty  for  it  in  the  climiualion  of  tlio  bile;  and 
iti  derangements  of  the  kidneys,  the  mammary  gland,  the  raucous  mem- 
brane of  the  nose,  or  even  the  stomach,  will  diseharge  urine.  CoDslnict- 
ive  arrangetDcnts  have  therefore  for  their  object  the  faeilitating  of  a  secre- 
tion, but  they  do  not  produwi  it.  Thus  the  liver  ia  far  better  titled  for 
separating  bile,  or  the  kidney  urine,  llian  is  the  ekin  for  each  of  Uurfe  re- 
spectively ;  but  if  they  become  incapacitated,  tlie  skin  is  able  to  act  vica- 
riously for  them. 

Tho,ugU  such  vieariona  action  luut  been  denied  by  some  physiolo^tB 
Ca»o«ction  »f  as  being  totally  incompatible  with  anatomical  indications,  a 
u^inrdcvBU  ""^^'*'  profound  conception  of  the  law  of  development  of  these 
opmtiit  atructures  may  ealisty  us  tlial  it  is  in  reality  a  physiological 

probability,  apart  from  the  evidence  we  have  often  derived  from  interest- 
ing instancpi*  of  its  actual  occurrence.  It  will  be  seen,  whwi  we  treat  of 
the  primitive  appearance  of  the  different  secreting  oi^ans,  that  they  are, 
ill  wiality,  .ill  evolved,  as  it  were,  from  a  common  surface  or  membrane: 
thai  this  primitive  aurfaco  discharged,  though  perhaps  in  a  confused  ^ray. 
all  their  functions  eoUeciively  ;  and  that  in  development  the  ruling  idea 
seems  to  be  the  separating  out,  or  localizing  upon  a  dctCTminate  spot  or 
region,  structiues  which  should  liave  the  duty,  in  a  special  manner  at- 
tached to  them,  of  removing  this  or  that  particular  subatance,  a  central- 
isation or  concentration  of  action  thus  occurring.     There  ia  therefore 
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MtUog  extraortUnary  that,  under  (be  preftBuze  of  circumstances,  one  ut' 
dm  special  i^init^un-s  sliuuld,  in  an  imperfect  wny,  resume  tho  art  ion 
vludi  it  once  enjoyetl,  while  it  was  yet  a  jMirt  of  the  common  strnctore : 
!Ver  this  may  be,  the  cases  of  vicarious  action  are  too  uuincr- 
loD  well  auiUenlicjtted  to  nilmit  of  any  rlonbt. 
Tliongh  thc^  vicarion.4  actions  may  be  in  a  certain  degree  imperfect. 
iberare  of  t lie  hiphcst  importance  physiologically,  since  thcv  indicate  tht- 
me  nature  of  tLe  function,  and  pkcc  the  iulluencc  of  fitructure  in  'tt» 
inper  attitude. 

ITw  Bejuaration  of  material  from  the  blood  may,  however,  for  the  pres- 
ot,  be  considered  as  conducted  la  two  different  ways ;  1st,  by  tiltration ; 
3d,  by  cell  action. 

Secretion  by  filtration  is^  of  course,  a  purely  physical  act.  The  trans- 
oda^Q  of  water  clinrgcd  with  saline  sabatancca,  or  with  more  Srpwaikm  at 
ffkaa  of  albumen,  Kcms  to  imply  nothing  but  the  escape  of  Slt"*^!^^^ 
pfrciiating  bodies  through  pervious  or  porous  membranes.  mir»ii«i. 
&idi  a  result  is  presented  in  the  case  of  the  lachrymal  gland,  the  duly 
ofwliieli  13  to  accomplish  a  definite  mechanical  o]>eration  for  the  eye  in 
bi|Jog  the  conies  clear  and  transparent.  This  mechanical  function  ia 
■pia  obscrvnl  in  the  case  of  tho  serous  membranes,  and  particularly  the 
(TBurial  ones,  in  which  the  relief  of  friction  of  movable  parts  seems  to  be 
^  object  aimed  at. 

\t  long  as  tho  nialerial  secreted  clearly  pre-exists  in  the  blood,  it  ifi 
■oDem  to  Tcftii  secretion  to  any  other  principle  than  the  simple  one  of 
tawndatioa  or  fUtratioa.  It  would  be  un philosophical  to  suppose  that 
l^hcbiymal  gland  exerciaea  any  protierly  for  the  formation  or  ])roduc- 
lia  of  wmtcr  when  by  nii-re  transudation  copious  supplies  of  that  sub- 
ituKo  can  be  obtained  from  the  blood. 

B«t  nocittion  is,  moreover,  perhaps  connecter!  with  (vll  lifp.  <>n  tlw 
"ffw  part  of  the  intestine  of  the  young  cliick.  a  few  cells  socMion  lv 
*«Jie  Uietr  appearance  about  the  fourth  day  of  incubation,  wll  aciiim. 
TlMyare  eventually  recognized  as  bile-containing  cells  fiom  the  color  of 
tWiteonicnis.  As  tlic  |uroccs8  goes  on,  the  spot  they  occupy  buds  off, 
Hit  wre,  so  as  to  produce  a  blind  {>oucii.  This  ofTahoot,  with  its  cx- 
'(rior  cfl!«,  is  evenmnlly,  when  perfect  developmftit  is  n-JwOied,  the  livtr. 
^wtling  orgaiu«i  of  thia  gUndular  cbiaa,  and  also  membranes,  possess  n 
pMil  aoah^y :  they  consist  of  a  Atructurclcss  basement  membrane,  with 
•<fl"  Qpoo  its  surface^  and  a  supply  of  blood-vcsacls.  The  cells  are  not 
pB^ent,  but  lead  a  very  transitory  life,  apparently  elal)0Tating  the  ma- 
inil  with  which  they  arc  eliargcd,  and  then  undergoing  rupture  or  dcli- 
fMaucnce. 

Our  conclusion  rcspeding  the  mode  of  action  of  secreting  cells  turns 
•l^opilber  upon  the  evidence  of  the  power  they  possess  of  preparing  ma- 
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icri.ll  which  dtf]  not  prc-exisi  in  the  blood.  Thu«,  if  it  should  be  shown 
thut,  under  nomial  L-ii'cuindtaiioe«,  thu  L'leinentu  ul'  bile  arc  nnt  Ibuiid  iu  the 
blood,  the  ini'erencc  might  be  drawn  that  the  hepatic  ccila  display  a  ootn- 
Iniiing,  or*  am  it  were,  a  ])re|ianiig  power ;  and  so  likrwiMi  in  tlit^  case  of 
other  secreting  cells ;  but  ihc  wi;igiit  to  Inr  iittached  to  such  e%'idcnce  ib 
grcallj  affected  by  the  consideration  tltat  the  action  of  each  gland  or  se< 
niflifiiiij-oMo.  creting  apparatus  masks  wliat  is  really  going  on  in  the  nya- 
tTftK^iion'br  *'^^*  ^*  '*'  [josftiblc  that  we  may  be  scarcely  able  to  discov- 
Uw  blood.  ej:  the  traces  of  substancea  in  the  blood,  and  yet  a  teudenoy 
may  exist  for  their  accumulation  to  a  groat  extent.  Thus  there  can  be 
uo  doubt  thut  ui'ea  would  ubouiid  tlirough  the  disintt^ation  of  the  moB- 
color  8tniclur«£,  and  the  uttc  of  nitrogcntzcd  food,  if  it  ^'crc  not  for  tlic 
action  of  the  kidneys.  It  is  the  very  peri'ection  of  that  action  which  so 
diminlBhes  tlic  amount  iu  the  circulation  as  to  prcvcjit  us,  except  with 
diffiaiUy,  from  detecting  the  present  of  the  ingredient. 

Nor  is  this  all,  for  it  ought  to  In*  reincnibered  that  many  of  the  prod- 
ucts of  secretion  are  aul>5initce3  nndcrgoing  retrograde  metamorjihoscs, 
and  Iiave  therefore,  ns  it  were,  in  themselves,  on  interior  principle  of 
change.  It  is  conceivable  tltat  things  whicJi  did  not  pre-exist  in  the 
blood  may  yet  occur  in  the  secretions,  coming  there,  not  through  the 
agency  of  cell-life,  but  because  of  the  downward  course  toward  an  inor- 
ganic coudiliun  through  which  the  secretion  is  sjiontatieously  jiasBing. 

Of  the  more  prominent  substances  in  the  chief  secretions,  many  india- 
putalily  pre-exist  in  the  blood.  Urea,  cholesterine,  casein,  are  cxiimplea. 
Wherever  this  occnm,  the  removal  is  unquestionably  due  to  mere  tiltro- 
lion.  Why  shonM  it  he  siipjiosed  tliat  the  cells  of  the  kidneys  have  any 
duty  of  combining  materinl  prciwinted  to  them  into  urc«,  or  those  of  the 
liver  into  cholesteriuo,  or  those  of  the  mammary-  glimd*  into  casein  ?  Ag 
our  methods  of  exantining  the  blootl  become  more  pert'cct,  this  formative 
or  grouping  action,  once  so  largely  imputed  to  the  secreting  odls,  be- 
comes more  and  more  restricted. 

Tlio  cases  in  which  the  influence  of  cells  U  indisputable  arc  thopc  which 
Coa^tl  of  '^^'^'^  '"  *"*  ^"*'''"**'ion8  of  progressive  nietamorjihosis.  Of 
lUtntioh  noil  thesCf  the  most  striking  instance  is  the  pirparalion  of  the  spcr- 
of  otu  Bcuon.  p^i^j,  fluid,  Perhaps  we  should  not  be  ven'far  from  the  truth 
if  we  considered  all  those  secretions  in  which  the  materials  are  in  a  state  of 
i«tr<^;rade  metamorphosis,  or  in  a  descending  career,  as  arising  by  mere 
tiltratioii,  and  those  which  are  ascending  to  a  higher  grade  as  due  to  cell 
agency;  between  the  two  there  being  an  intermediate  class,  the  phase  of 
which  is  stationary,  and  in  which  cells  may  or  may  not  be  necessarily 
involved,  as,  for  instance,  the  transmutation  of  one  fiit  into  another,  or 
tho  prefiaration  of  sugar  from  olbiimenoid  bodies. 

The  apparatus  for  secretion  is  genomlly  conveniently  treated  of  under 
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Hrolmtlflt  Isi.  Membranes,  such  as  the  serous  and  mncouB;  Sd.  Glands. 
a  the  liver,  kidney,  'rbia  division  is,  liowcver,  not  founded  cither  on 
itraenaral  or  fiinctional  differences,  and  is  to  lie  prcstr^'cd  merely  for  the 
ttke  of  convenicnce- 

A  wcrciing  nicmbrftne  consists  essentially  of  a  tunic  of  connective  tls- 
ine,  affording  a  nidui!  I'or  vessels  and  ncn'cs.  Upon  this,  in  the  opinion 
Mmaay  »natomists,  u  ihiu  basement  nieinbmne  is  laid,  the  existence  of 
•ijcli  i*  denied  by  others.  UjKin  the  surl'ace  of  the  basement  membrane 
ihm  is  a  layer  of  cells,  the  tWni  and  arrangement  of  which  diflcr  in 
fifTncnt  regions.  In  some  places  the  ceils  are  flat,  in  others  cylindroid. 
IWr  doration  is  temporary,  one  brood  siirercding  another  from  germs  on 
the  Ittsemcnt  membrane.  The  superlicial,  and,  therefore,  the  older  cells, 
iWpuunatc  or  deliquesce,  and  are  replaced  by  otlicrs  from  beneath.     It 

JBMnallr  said  that  the  serous  membranes,  with  the  exception  ,,,   

«tbe  peritoneum,  are  all  closed  sacs,  the  pentoneum  bcmg  iinmuuid 
iwftmted  where  the  timbrtatod  extremities  of  the  Fallopian  "cwtto". 
tibci  0])rn  into  the  abdominal  cavity  in  the  mauimalio,  and  in  fislies 
ilinnglt  the  lateral  anal  opctiings.  The  generality  of  this  vien-  is  now 
•iDed  in  qae.'^iion,  Itoth  as  regards  the  synovial  nacs  and  bursa;  tnucosat, 
vUch  all  belong  to  this  group.  I'liiis  KolHker  regards  the  s}'novial 
'indiiita  as  tubes  open  at  both  ends,  and  attached  by  their  edges  roimd 
the  uticular  sorfaces  of  the  bones. 

ITowevcr  this  may  be,  even  the  peritoneum  is  practically  a  shut  sac. 
immulalions  of  water  witliin  it  do  not  cscafio  tliroughllic  apertures  of 
(Ik  P'fillupian  tubes,  nor  can  air  be  injected  the  opposite  way. 

tlw  fluid  exuding  from  the  serous  surfaces  is  a  dilute  albuminous  so- 

Woo,  more  dilute  as  it  is  presented  in  the  vonlrielcii  of  tlio  „        ,    . 
...  1  -       ,  .....  S*rou«  fiiiiita. 

tim,  and  raon;  conecniratcd  in  the  .synovial  cavitic",  its  con- 

mucy  in  die  latter  case  being  such  that  it  may  sometimes  "be  drawn 
"Bift  icnactoas  threads.  The  mechanical  qualities  of  these  various  ex- 
•iuioQs  jjemiit  a  certain  freedom  of  motion  in  the  parts  to  wliicli  they 
"B  *p[)lie<t  Thus  the  secretion  of  the  peritoneum  facilitates  the  move- 
Vats  of  tlic  ulKlomiiud  viscera ;  tlio^;  of  the  pericardium  and  pleura,  of 
^  heart  and  lungi' ;  those  of  tlie  synovial  membranes  and  biursa*  mu- 
^Ott,  of  ibe  joints  and  tendons. 

Tho  nattur  of  serous  secretions  may  be  illnstrated  by  the  cases  of 
vUt  collected  from  the  abriominal  and  thoracic  cavities,  &c.  They 
in  wiAlly  of  a  taint  yellowish  color,  clear  or  turbid,  reaction  alkaline, 
^  Mnaetimes  containing  so  much  albumen  as  to  coagulate  readily  on 
bmiitg. 

N 
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TABLE  L 
Ftuid  of  AacHa.     {From  MartAmd.) 

Water 952.80 

Albumen 23.80 

Urea 4.20 

Chloride  of  sodium 8.10 

Carbonate  of  Boda 2.10 

Phosphate  and  tnces  of  sulphate  of  soda 0.60 

A  vucid  sabetance 8.90 

1000.00 

TABLE  n. 
Atcittt  teith  Stij^nira&m  <^'hoth  KidnryM.     {^From  Simcat.) 

Water 978.00 

Fat  containing  cholestcrinc 1.00 

Albumen 8.40 

Alcohol  extract 0.30 

Spirit  extract 1.70 

Carbonate  of  coda  and  phuKphAte  of  lime 1.20 

Chloride  of  sodium  and  lactate  of  soda 6.80 

Urea 1.20 

Lobs 1.40 

UKW-OO 

TABLE  ni. 
Pitvral Effmnon.     {From  Simon.') 

Water 934.72 

Kbrin 1.02 

Fat 1.05 

Alcohol  extract,  with  salts 1.35 

Spirit  extract,  with  salts 10.G4 

Albaminate  of  soda 17.86 

Albumen 31.00 

Tixed  salts 9.')0 

Gain  in  analysis 7.14 

IWOO.OO 

To  the  above  may  be  addett  the  foliowing  interesting  instances  of 
of  hydrocele,  in  which  attention  should  be  particularly  directed  to  thi 
currence  of  cholesterine  and  other  bile  constituents.  In  the  case 
sented  in  Table  XV.,  the  fluid  was  observed  to  sparkle  when  shake 
consequence  of  the  numberless  crj'stals  of  cholcaterinc : 

TABLE  rV. 
Fluid  of  Hydrocele.     {From  Simon.') 

Water 860.00 

Cholestcrinc,  with  a  Utile  roaicoritic  and  oleic  aeid       8.40 

Albumen 48.30 

Albuminate  of  soda  and  exlraciivc  matter C.88 

Extractive  matter  soluble  in  alcohol 2.30 

Chlorides  of  sodium  and  ralcinm,  a  little  stul-  i 

phate  and  tracen  of  phosphate  of  lime \ 

Phosphate  of  lime  and  traces  of  {)en)xide  of  iron...         .70 
toss _    o.no 

iooo;o6 
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TABLE  V. 
Fbad  of  llydrocde.     {From  Uetkr.) 

Water 919.20 

Albumen 68.00 

Free  fat 1,60 

Soda  soup,  Uliphaein,  Itumato-globulin,  dissolved  J 

luematin,  and  extractive J 

Fixed  salts 7.30 

1000.00 

TABLE  VI. 
Fhdd  ofUsdrocde.     (From  Ileller.) 

Water 306.86 

jVlbumen 60.00 

Fat  containinf;  cbole.sterino 0.23 

Blxtractive  matters,  biliphaein,  soda  soap 24.04 

Fixed  salts,  chiefly  chloride  of  Bodium 9.37 

1000.00 

TABLE  Vn. 

Sfftocial  Fluid,     (fhtm  Frerieht.') 

Water 948.00 

Mncoaand  epithelium fi.OO 

Fat 0.70 

Albumen  and  extractive 35.00 

Salts 9.00 

Loss 2.80 

1000.00 

I  have  introdaced  these  tables  not  only  for  the  purpose  of  exhibiting 
Ihe  nature  of  the  fluid  yielded  by  membranes  of  the  serous  Products  of  »e- 
ponp,  but  also  for  the  sake  of  the  important  evidence  they  J^^i^^^ 
ofier  as  regards  the  function  of  secretion  itself.  In  the  in-  Wood, 
ftocy  of  physiology  it  was  universally  believed  that  the  special  function 
<rf  each  gland  arose  from  its  peculiarity  of  construction ;  that  thus,  by  the 
lira,  out  of  blood  in  which  they  did  not  pre-exist,  cholesterine  and  its 
illied  bile  compounds  were  made ;  that  thus,  by  the  kidney,  urea  was 
fcniei  Even  in  more  recent  times  a  modification  of  this  doctrine  has 
pnuled,  and  to  the  cells  of  which  glands  are  so  laigely  composed,  the 
^ty  lias  been  attributed  of  fonning  special  products.  In  this  way,  we 
■•31  constantly  speak  of  the  bile-secreting  cells  of  the  liver ;  but  the  pre- 
**^ng  tables  indisputably  show  that  these  very  compounds,  cholester- 
"t^  biliphaein,  urea,  etc.,  may  make  their  appearance  in  distant  places, 
**diig  from  surfaces  wholly  devoid  of  the  supposed  special  mechanism. 
"1  cases  in  which  there  occurs  structural  degeneration  of  the  kidneys, 
w  instance,  urea  at  once  makes  its  appearance  in  unaccustomed  places, 
"  tlwagh,  when  the  readiest  avenues  through  which  it  might  have  es- 
^^^^  have  failed,  it  bursts  forth  or  oozes  out  at  the  weakest  point. 
With  such  results,  the  idea  of  leakage  or  straining  seems  to  be  insepara- 
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Illy  ronTiPctffd:  and,  mormvcr,  an  enlarged  view  of  the  operation  of  cell 
Hfc  flcctnit  to  indicate  that  tlic  general  action  of  those  organisms  is  to 
prodncc  a  formaliTc  result,  the  gi'onping  of  amorphous  into  organised 
mutenal,  and  the  elaboration  of  tluit  material  into  more  complicated  and 
higher  forms.  But  many  of  the  most  important  constituents  of  tJic  va- 
rious secretions  arc  indisputalily  things  which  arc  on  the  iloimward  ca- 
reer, fast  passing  to  the  inorganic  state.  Many  of  them,  as  presented  in 
the  bi!e  or  in  the  urine,  run  through  a  series  of  spontaneous  changes, 
wliich  end  in  the  ap|>earanei'  of  imly  iiiorgariie  bodien.  Fi)r  llic  fabrica- 
tion of  such  8ubstanre»T  half  inorganic  themHclvcs,  it  is  scarcely  to  be 
thought  that  cell  life  sliould  bi'  necessary ;  and  these,  with  many  other 
such  considerations,  recjill  the  observarion  1  made  a  few  pages  back,  that 
the  more  profoundly  wc  study  the  componitiou  and  constitution  of  se- 
crcte<l  fluids,  luid  the  more  accuratdv  we  understand  the  function  of  se- 
cretion itself,  the  less  are  we  disposed  li»  iuvuke  the  agency  of  cell  lile, 
and  to  rely  the  more  on  the  orUittary  inecluinical  act  of  slrainagc. 

That  the  different  i^eereting  surfiicua  i-xercise  an  elective  climitialion  on 
Rlnctlvn  fiitn-  uialcrials  vxii^tittg  iu  ttie  blood,  some  permitting  the  escape 
**""■  of  one,  and  some  of  another  ingredient  more  readily,  may  be 

dcjuonstrated  from  their  action  on  saline  substancra  puqiosely  introduced 
into  the  blood.  Thus  iho  iodidr  of  ]iotit.^siiiiu  waa  detrated  by  Itemard 
in  the  saliva,  pancreatic  jnicr,  tind  the  tears  in  less  than  one  minute, 
bat  in  the  urine  and  bile  not  until  after  an  hour.  The  frrrocyanide  of 
potassium  could  be  rccognixed  in  the  urine  m  seven  nuiiutcii,  but  not  at 
all  in  the  saliva.  In  like  tnunner,  cane-sugar  and  grape-sugar  appear  in 
the  secretions  of  the  kidneys  and  liver,  but  not  in  tliose  of  the  pancreas 
and  salivary  glundtt.  The  lactate  of  iron,  injected  into  titc  veins,  fur- 
niBhes  no  iron  to  ilic^  saliva,  bill  both  iodiuc  and  iron  can  be  recognized 
in  that  secretion  after  the  adniinistTution  of  the  iodide  of  iron. 

Upon  the  whole,  we  may  tbertibre  conclude  that  very  many  substances 
are  strained  trom  the  blood  in  which  they  naturally  occur  by  membranes 
and  ghuids,  Tvliioh,  from  the  cinmmstanec  that  they  arc  of  vflriou.<J  con- 
fitmction  and  possess  a  different  physical  nature,  are  better  adapted,  some 
tor  the  removal  of  one,  and  some  for  the  removal  of  another  compound. 

Among  accreting  surfaces  the  mucouu  membranea  are  usually  enumer- 
Of  inucottt  atciL  Strictly  apeaJiing,  liowever,  they  are  scarcely  so  much 
■iiiub«ic'»e«r*.  accreting  siu^'aces  as  the  seat  of  numberless  secreting  organ- 
il«a.  iems.     They  line  the  interior  of  the  digestive,  respiratory, 

uriniiry,  and  gciicrativp  apparatuses,  and  are  cliaraeterized  by  extreme  vas- 
cularity. In  structure  they  consist  of  several  difii-rent  layers  or  regions, 
the  undermost  being  submucous  cellular  tissue,  npon  which  is  spread  the 
pn^r  mucous  membrane,  containing  connective  andcln:4tic  tissue,  which 
affi>rd«  a  nidus  for  blood-vesscU  and  nerves.     lTj»on  tins  is  the  basemeiit 
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tunkwie,  corered  with  epithelial  cells.  In  m&ny  r^ons  this  ooinpouml 
stractare  rises  into  ek'vatioiix,  a»  in  the  intei^tinal  vLllit  or  sinks  into  de- 
psBn'ons,  as  in  llie  follicles. 

The  efntbelial  cells  are  of  different  kind^,  son)ctimcE>  ilat,  giving  ori^n 
tOtOsseUUod  or  pavement  epitholiuin,  and  soinetimea  cvlin- 
Acid,  each  cell,  in  this  casi\  ))cing  set  vprtically  upon  tho 
kMjmcnt  membrane.  In  many  inBtjaiecs,  the  cylindroid  nucl»itcd  oellf* 
WjfiiiTiishcd  upon  their  outer  extremity  with  vibrating  cilia,  constituting 
iStaSeA  cylindroid  cpitlicltum.  Ikith  tbmis  of  epithelium,  the  lesisetutod 
lad  the  cylindroid,  coexist  ui  glandular  ducts.  The  origiu  of  the  celLi 
ii  in  the  iMiaoniont  menthrane,  from  gomis  arising  there ;  and  as  the  older 
lad  tbcrcforo  supcrticial  uvliti  ojcuviatc  or  deliqucscct  new  onati  arise  to 
like  their  phicce. 

After  what  has  bcoji  eaid,  it  is  not  neceaaary  to  give  a  detailed  de- 
jw'ption  of  mucous  surfaces  farther  than  to  Btatc  tliat  from  j-^iwtUm 
limn  llierc  is  fiinnshcd  a  viscid,  glairy  fluid,  of  different  shades  »('»«*:«»• 
of  mIot  from  white  to  yellow,  den»>ei'  than  water,  and  insoluble  therein. 
Eomincd  by  the  micro^ojtc,  it  contains  granular  corpuscles  and  epitlie- 
bloeUs.  Its  reaction  is  alkaline,  and  its  proximate  constituent  ie  a  anb- 
Kiiice  to  which  the  name  of  muciu  has  been  given.  Derived  from  dif- 
'tint  soiirccf),  as  the  nasal,  bronchial,  and  pulmonarr  surfacci^  the  in- 
Istinal  canal,  ami  the  urinan.'  and  gnll  bladders,  it  r:chibits  specitic  dif- 
feeioM.  Ita  quantity  is  often  greatly  increased  by  morbid  causes,  as, 
ftf  wuunple,  in  catarrh,  its  composition  likewise  varjang  at  different 
■it>^  of  the  some  disease.  Tta  urir,  for  the  most  part,  seems  to  be  the 
pwicction  of  tl»e  delicate  stmcturc  which  secretes  it.  In  some  positions, 
uia  the  intestinal  caual,  it  likewise  probably  acts  in  the  way  of  relicv- 
i>| friction  of  the  snbstancefi  passing  over  surtaces. 

Ofhecrfiing  Glands. — Tlie  typical  form  of  secwtiug  ccU-glond  is  a 
lUfleccllf  with  ita  nucleus  at  the  lower  end,  the  other  end  sjaii>ieMc-lU. 
vtjxt^  beotnc  oi)cn  by  deliquescence  or  dehiscence,  and  thus  w"isl«n<t. 
*teBtiti|ting  a  sac  From  the  nucleus  thna  situated  at  the  end  of  the 
*«»ity  broods  of  young  cells  arise.  These  Leeorac  more  perfect  as  they 
•^iwe  toward  the  mouth  of  the  sac.  The  outer  wall,  and  csjiccially 
'''^ngion  of  the  nucleus,  is  furnished  copiously  with  blood-vessels. 

"fsucli  structures,  variously  modified,  the  different  glands  are  com- 
("••ed.  Wo  almll  now  proceed  to  the  description  of  the  move  inijKtrtaut 
"fttuse,  as  the  liver,  kidneys,  mammary  gland,  &c.,  again  impre^airtg 
^  reniHrk  that,  Ihongli  all  these  glands  are  the  seats  of  my riada  of  wlls. 
*^  liiV  is  for  increased  organization,  and  secretion  is  in  many  tnataucCF 
"''^ig  more  than  filtration  or  strainagc.  We  ahall  endeavor,  as  tlv 
*^Mii>n  arises,  to  show,  in  the  case  of  each  gland,  what  part  of  its  aettJn 
■*  dn**  (■•  will  intlnence,  and  what  lo  Kueh  mechanical  permeation. 
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OF  THE  LIVER. 

The  first  appearance  of  a  bilc-sccretiiig  organ  is  the  occurrence  of  yd- 
Rndimnit  of  ^ow  cells  variously  scattered  upon  the  lining  membrane  of  the 
the  liver.  digestive  caWty,  as  in  the  hydra.  A  concentration  or  local- 
ization next  ensues,  such  yellow  cells  being  grouped  upon  the  wall  of  the 
intestine  at  a  definite  spot.  A  coecal  projection,  in  the  higher  tribes, 
seems  next  to  force  out  the  yeilow  cells,  bearing  them  on  its  exterior,  as 
in  the  nudlbranchiate  gasteropods ;  and  as  these  cccca  are  prolonged 
more  and  more,  so,  in  a  more  definite  manner,  does  the  rudimentary  liver 
appear.  In  molluscs  this  partition  is  sufiiciently  distinct  Tbe  epecial 
form  which  tiie  hepatic  apparatus  presents  in  ditFerent  tribes  varies  veiy 
greatly,  though  doubtless  the  principle  of  construction  and  of  action  is 
always  the  same.  Thus,  in  insects,  the  liver  con- 
sists of  long  tubes  of  ddicate  membrane,  covered 
with  secreting  cells,  small  and  germ-like  near  the 
distant  end  of  the  tube,  but  more  perfect  at  the 
mouth.  These  tubes  are  in  relation  with  an  adi- 
pose mass,  which  is  probably  connected  with  the 
origin  of  the  cells.  The  different  condition  of 
these  cells,  when  compared  at  the  bottom  and  at 
the  mouth  of  the  bile-sac,  is  well  seen  in  the 
case  of  crustaceans,  as  in  J'^iff.  82,  one  of  the  he- 
patic coeca  of  the  cray-fish.  The  letters  at  the 
side  sliow  the  state  of  the  cells  in  different  posi- 
tions toward  the  mouth  of  the  ibllicle.  At  a  they 
contain  yellow  biliary  matter  only ;  at  b,  oil  glob- 
ules are  apjx'jiring  in  them,  which  become  more 
distinct  at  c ,'  and  toward  d  and  e  they  present 
the  apiJcamncc  of  ordinary  fat-cells.  Thus,  ex- 
amined at  the  bottom  of  the  follicle,  the  cells  axe 
Hop.ticf.Bcum  of  cray-iwi.  biijarj.,  and  as  we  advance  to  the  mouth  they  be- 
come fatty.     {Leihy.) 

The  comparative  anatomy  of  the  liver  is  repeated  in  its  order  of  devel- 
Deveiopmcnt  opment  in  the  high  vcrtebrated  animtds.  In  them  it  ia  first 
of  the  liver,  detected  in  an  evolution  of  cells  upon  the  intestinal  wall,  at 
the  point  which  is  eventually  to  be  tlic  jilacc  of  discharge  of  the  common 
bile-duct.  This  agglomeration  of  bile-cells  is  next  seen  to  project  or  bud 
off  through  the  intrusion  of  a  ca-cal  pouclu  In  the  amphioxus  the  con- 
dition thus  readied  remains  permanent,  and  is  the  counterpart  of  the  liver 
of  a  fowl  about  the  fourth  day  of  incubation.  The  coecal  pouch  next 
sends  forth  ramifications,  which  are  likewise  accommodated  with  cells, 
ani  these,  branching  again,  give  origin  io  a  complicated  structure.     In 
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lition,  tiie  month  of  the  cu-ciim  Incomes  drawn  out  and  narrowed 
i>.  and  80  tbnns  llic  rudiment  of  an  hepatic  duct. 
Iq  taan,  tlic  liver  is  the  lai^dt  gland  in  the  body :  it  is  of  a  reddish- 
color,  dense,  and  from  thrwj  to  live  jiounds  in  weight ;  Dwiiptioii  rf 
BTcs  ou  ita  upper,  and  concave  oii  its  iiiferior  surface.     It  i*"Uvrr. 
bu  five  lobes :  the  right  lobe,  the  left  lobe,  the  lobiit>  qtiadratus,  the  lo- 
tefl  sp^it,  and  lubus  caudutus.     It  ia  held  in  ila  position  by  dapU- 
otiutEB  of  peritoneum  and  by  a  Jibrous  cord  termed  ita  ligaments.     Its 
icriloneal  envelope  is  the  cause  of  ita  gloasy  appcaranoe ;  its  cellular  en- 
ralope  extends  into  the  interior  as  sheatlia  for  the  vessclfi.     I^ve  classes 
ofTCfticls  arc  fbnnd  within  it:  the  branches  of  the  portal  vein,  those  of 
ciie  hepatic  artery,  those  of  the  IiejKitie  veins,  the  1^'niphatics,  and  the  he- 
patic ducts;  the  latter,  converging  eventually  into  a  tnuik,  the  kojHttic 
liuct,  joins  with  tlie  cystic  duct  to  fonn  the  dtictuH  ijonmiuuis  choledu- 
r^93.  v-lius,  which  dischargca  its  contents 

into  the  duodentun,  aa  seen  in  ^g. 
S;j,  in  which  a  is  the  gall-bladder, 
\       ^^       ~  which  eonstitntcs  a  temporary  recep- 

tacle for  the  bile,  A  the  cystic  duct, 
d  the  hepatic  duct,  c  its  branches,  e 
the  ductus  cholcdochus,  and  A  its 
openiog  into  the  duodenum. 
■iw»n»4w«««^»BU- *-*«».  rpjjg  gall-bladder  is  wanting  in  in- 

'vtatebrated  animals,  and  first  makes  its  appearance  in  a  rudimentary 
condition  aa  a  <Ulalaiion  of  tho  bile-duct:  it  is  aWent  in  the  horse,  pres- 
ent in  ihc  ox;  in  the  camolo]>ard  it  was  absent  in  one  individual,  and 
ibo  next  that  Iiappencd  to  be  examined  had  two. 
I  The  intimate  ntnicture  of  tire  liver  in  man  is,  in  many  particulars,  still 
imperfectly  known,  tliough  the  attention  of  the  most  eminent  inti,^,,,^^^^ 
ttnainmistfl  has  lieen  devoted  to  it.  It  may,  however,  he  un-  tun  otxhe  Uv- 
(loatood  that  eaeh  hepatic  vein*  connnciiCLUg  in  tlie  substanoo  "' 
afilie  liver,  bearv  upon  its  capillaries  small  portions  called  lobules,  from 
^  to  the  -3)9  of  an  inch  in  diameter,  in  »  manner  which  calls  to  mind 
ytff.  «4.  the  arrangement  of  leaves  on  a  branch,  or 

a  bunch  of  grapes,  aa  represented  in  J'^ig. 
84,  a  being  the  vein,  t,  h.  A,  leaf-like  lob- 
ules on  ilu  braudics.  Excluding  the  lym- 
li  phatics,  it  may  bo  said  that  four  ditlerent 
systeiQs  of  vc2se]i>  are  raigaged  in  the  liver, 
the  portal  vein  and  hepatic  artery,  the  bilc- 
ductH  and  hepatic  veins.  The  iiist  pair 
ii.t.it*..iutaUMinimb-»riiii>iiv>r.     jj,^  nffcrcnt,  the  spcond  pair  efferent  voa- 

,4ela.     The  portal  rein  bring*  llie  bloo<l  tW>m  which  bile  is  to  be  secrc- 
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ted ;  the  hepatic  artery  brings  aerated  blood  for  the  nonrishnient  of  the 
gland ;  the  bile-ducts  cany  away  the  biliary  secretion  which  has  been 
separated  from  the  portal  blood,  and  the  residue,  taken  charge  of  by  the 
hepatic  veins,  is  eventually  carried  back  into  the  general  circulation 
through  the  vena  cava. 

A  general  idea  of  the  mode  of  arrangement  of  the  four  vessels  in  the 

liver  may  be  obtained  by  recalling 
the  illustration  jost  given,  that  the 
lobules  are  placed  on  the  commence- 
ment of  the  hepatic  veins,  like  grapes 
on  their  stalks.  The  vein  originates 
in  the  centre  of  each  lobule,  as  shown 
at  a  a,  in  J^iff.  85,  and  exhibits  there 
a  ray-like  kind  of  divergence.  On 
the  periphery  of  each  lobule,  at  £,  ^  A, 
aa  it  were  on  the  surface  of  the 
grape,  the  other  three  vessels  xam- 
ify.  Of  them  the  portal  veinlets  d^ 
down  into  the  substance  of  the  lob- 
ule. The  hepatic  arteries  likewise 
enter  for  the  purpose  of  giving  natri- 
In  J^iff.  86,  rf,  a  are  the  commencing  hepatic  or  intra- 
j^j  f^_  lobular  veins  of  two  lobules ;  b,  b, 

b  ''      k  ^''*^  biliary  ducts ;   c,  interlobular 

jj^  uX  tissue;  rf^^parenchjTna  of  the  lob- 

i     v'-,Awf£^'tS»  Oi\»Sfev>jii.         ^^^3.     With  respect  to   the  bile- 

linently  rep- 
is  not  pos- 
they  pro- 
6^5S..    '^^   -'NisSiiSfc'A  kf^-.'*!l*      coed  lK>vnn(l  tho  surface,  and  the* 

arc  related 
i,  to  the  secreting  cells,  and  receive 

oriKin  J'm^^uc^.  on  ih.  iiv„  ifluu^  !''« ^'I^l"^  yielded  by  them,  is  a  sub- 

ject of  controversy.  The  inter- 
spaces between  the  capillaries  that  have  entered  the  lobules  are  filled  up 
with  these  cells. 

It  is  not  known  whether  tlie  hejiatic  artery  discharges  its  blood  into 

lU-paiic  cells.  *''^  V^"^^^  capillaries,  or  into  those  of  the  hepatic  vein,  and, 

tor  this  reason,  it  is  doubtful  whether  that  blood  takes  part 

in  the  secretion  of  the  bile.     The  secreting  cells  have  nucleolated  nuclei, 

and  are  about  tlie  ^^^  of  an  inch  in  diameter. 

In  J^iff.  87,  at  a,  a,  a,  their  nonnal  state  is  shown.     They  are  filled 
with  a  yellowisli,  granular  soft  substance ;  at  *  i  is  the  appearance  of  fat 


1  ion  to  the  parts. 
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[plolmlpB,  wliidi  inrreaso  in  immbw  and  size  at  c,  C,  c,  e.     Tltey  Ihua  ofm- 
Lotfa  biliary  mati-Tial  and  oil  globules,  the  i|uantity  of  tlic  latter  vary- 
Hji.  -T.  ing  with  the  nature  of  the  l'.>o(i,  and 

^.;.,^,     in  certain  diAeaned  conditions  occtir- 
'**-'«ter  ^^  ^'^  "^  g*^*"**  0"  extent  ft8  lo  give 
"^^M^  rise  to  the  aHjn-ct  known  as  "t'at^ 
Hvor."     This  accatnulation  of"  fat  is 
connected  with  the  respiratorj'  func- 
tion, not  only  in  fondilions  nf  dis- 
CBBO,  bill  even  in  a  state  of  health: 
for,  the  more  energetic  tlic  roapira- 
l^tion,  the  more  free  ta  the  Hwr  from  fat. 

^B  Am  lh«  chyle  pftsi^ea  tlirongh  the  moftentcric  glands  bdbre  it  is  dis- 
^■^^Hd  into  tlie  circulation,  ao  do  the  mnttcrs  which  Itnve  l>een  taken  np 
P^P^RTasculor  absorbents  pass  to  the  User.  In  Chapter  IV.  tire  hilc, 
which  18  soiTn^tcd  from  the  portal  blood,  is  treated  of  aa  taking  part  in  the 
function  of  iligrt^tion ;  but  thoro  is  another  aspect  under  which  we  liavo 
^DOv  to  rnganl  it. 

H  We  speak  of  the  circulation  of  the  blood,  becanse,  setting  out  from  the 
Hlusrt,  it  comes  bacit  thereto,  pursuing  a  course  which  rclnnis  ,.  -^^.^jj,..! 
^opon  itKclf.  In  the  same  metaphorical  manner,  according  to  apimi  «ib™!  of 
tt»B  views  of  dome,  we  might  speak  of  the  spiral  motion  of  '  *■ 
tha  bile;  for  thos*-  of  it«  eMnstitueutH,  which  arc  first  token  from  the  stom- 
ach and  Email  inteaiine  by  their  >TrinR,  ap{>L'ar  to  pass  in  the  portal  circn- 
UtioQ  to  the  liver.     In  that  gland  a  preliminary  partition  of  the  eonstitu- 

»eiits  of  the  {lorlnl  blood  cnnues,  one  stream  setting  oif  lo  the  general  ciTr 
ouluion  through  the  hepatic  veins,  aiul  another,  the  bile  itself,  rchiming 
to  the  inte^tiiif.  In  ihc  intestine  another  partition  cni^ues  :  the  coloring 
RUitcr  of  l!)e  bil«  is  dismiased.  with  the  fa-ces,  and  the  residue,  taken  tip 
by  the  Uctcals,  passes  tlirough  the  mesenteric  glands,  and,  cither  by  the 
UiOEKic  duct  or  otlierwiKe,  gets  into  the  hl()0<l  circulation.  It  may  thcre- 
fticbe  perhaps  thought  that  tlic  constituents  of  the  bile  have  been  twice, 
iidoee  succession,  in  the  digestive  cavity,  and  have  Itecti  twice  absorV 
*4firM  by  tiie  fcins»  and  then  by  the  lacteals;  and  Ihal,  as  it  were,  a 
■pal  course  has  been  pnnmed. 

Thcfjuestinn  at  once  ari-tes.  what  is  the  object  of  such  a  course?  Why 
•Ikfift  this  iriiim  to  the  digestive  cnvily?  The  answer  commonly  given 
*  4e  liile  takes  part  in  promoting  the  operation  of  digestion.  But  the 
"^Wi  may  pcHiaps  be,  not  for  the  purpose  of  inducing  digestion,  lull  for 
"*  [wpce*  of  being  acted  on  or  digvsied  itself.  The  separation  of  its 
^riiig  matter,  jost  ollndexl  lo,  is  a  significant  fact. 

Till-  (tortal  blood,  as  it  is  preparing  to  enter  the  liver,  may  be  r^ardrd 
"  <Tstonic  venous  Uoml,  tiic  constitution  of  M-hich  has  been  altered 
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tbrougli  tlic  additions  made  to  it  by  absorjrtion  of  matters  from  tlie  stom- 
c,  ,    acb  and  intestine.     We  may  overlook  for  the  present  those 

Seitaration  or  ....  . 

theponkiMooU  contributions  it  Tcceivca  from  the  veins  of  the  spleen  and  oth- 
mtfie  iver.  cr  pouTce3.  Regarding  it,  therefore,  BB  systemic  vcnous  Llood, 
cliarged  with  certain  of  the  products  of  digestion,  it  enters  the  liver  to  be 
acted  U{K>ii  by  that  glancL  The  first  effect  upon  it  is,  in  a  chemical  point 
of  view,  well  marked.  The  stream  which  sets  off  to  the  general  circiila- 
tion  through  the  hepatic  veins  may  be  said  to  cany  away  the  whole  of  the 
nitrogcnizcd  material ;  for  the  bile,  whicli  is  at  this  point  parted  oat  and 
sent  back  to  the  intestine  through  the  hiliarj-  ducts,  does  not  contain  more 
than  4  per  cent,  of  nitrogen,  and  tliiu  exclusive  of  the  water  whidi  im- 
Conrw  and  I**'^^  *"  '*  ^*^  lirjuid  condition.  -Arrived  in  the  intestine,  a  iq>- 
wpAraiion  of  etitioii  of  the  same  process  of  partition  takes  place,  the  cohn^ 
"*  "  "■  ing  matter,  whicli  contains  nearly  tlie  whole  of  this  residual  ni- 

trogen, being  dismissed  witli  the  fan^es,  and  the  remaining  hydrocarboa 
taken  up  by  the  lacteals  along  with  other  lats. 

The  first  duty  of  the  li^er  is  therefore  a  separation  of  the  nitrogenized 
principles  of  the  portal  blood,  wliich  are  forthwith  carried  into  the  goa- 
eral  circulation  tlirough  the  hepatic  veins  and  the  vena  cava.  The  lesnlt 
is,  that  there  is  returned  to  the  intestine  a  sulphureted  hydrocarbon,  still 
containing  so  mucli  nitrogen  as  to  form  a  very  unstable  product,  pione 
even  to  spontaneous  deeoniiwsition.  In  the  intestine  its  nitrogen  is  whol- 
ly removed  from  it,  and  the  combustible  hydrocarbon  is  then  absorbed. 

The  portal  blood,  regarded  under  the  aspect  here  presented,  is  obri- 
Froinwhat  ^^^h'  composcd  of  two  constituents:  1st.  Systemic  venoos 
K>ur.-o  ii.  tlio  blood ;  2d.  Matters  obtained  from  the  digestive  cavity.  We 
LiiedL-nvud?  ^^^^  inquire  from  whicli  of  these  the  bile  is  really  derived. 

llesidcs  the  presumptive  c^'idence  arising  from  the  consideration  that 
if  the  bile  originated  from  matters  which  had  been  just  absorbed  from 
the  digestive  cavity,  it  would  be  inconceivable  why  it  should  be  returned 
fortliwith  thereto,  its  quality  of  extreme  uistabihty  marks  it  out  as  a  sub- 
stance fast  ajiproaching  to  final  disorganization  and  decomposition.  It 
bears  no  aspect  of  a  histogcnetic  or  formative  body,  but,  on  the  contrary, 
it  is  on  the  downward  course.  We  should  scarcely  expect  to  recognise 
it  as  a  primal^'  product  of  the  digestive  action,  but  should  seek  its  prob- 
able origin  in  some  source  of  decay. 

Whatever  weight  may  attaeli  to  such  considerations,  we  have,  in  addi- 
tion, direct  evidence  which  places  the  source  of  the  bile  beyond  doubt  by 
referring  it  to  the  systemic  venous  blood,  and  not  to  the  matters  just  ob- 
tained trom  the  digestive  cavity. 

During  fa'tal  life,  the  digestive  organs  are  in  an  Inactive  state,  but  the 
liver,  which  is  largely  developed,  discliarges  its  secretion  into  the  intes- 
tine. This  secretion,  which  is  known  as  the  meconium,  is  a  true  bile,  as 
the  following  analysis  proves. 


»nJ!   »  CRRT^-RD  FROM   VENOUS  BLOOD. 


Caiipoititioa  of  Jftrtmvm.    (Frm»  Simon,') 

n«Ji'-«i*rirn! IOI).00 

iLxtntrtirv  and  biliftJIinie  aeid „,, ,n.  1141.00 

Cwcin _ 840.00 

DilifoltJnk  nrtd  and  liilin 410.00 

lUlivenlin  and  Itiiifnllinir  acid 40.00 

lelU,  mucoa,  Albumen 360.00 

Tuuoloo 
Dr.  Vary  runnt]  that  Iho  ash  left  after  the  inctDeratton  of  a  sample  of 
lium  is  of  a  reddish  color,  consisting  chieity  of  peroxide  of  iron  and 
'  nuigncna,  with  a  trace  of  phosphate  of  IJmc  and  cliloride  of  Rodiom. 
L     Ihiring  focia!  lil'c  the  liver  is  therefore  discliarging  the  same  function 
Bbu  it  doM  after  aerial  respiration  has  commenced,  ihut  is  it  doM  &u 
Bo  tay,  it  secretes  bile  (meconium)  into  the  int«8Liue ;  but  at  ^1i,.a""ilt!i 
Ptiba  period,  since  there  is  no   true  digestion,  the  bile  can  praducu. 
Bone  Jroni  one  source  alone,  and  that  suurcc  is  the  systemic  vcnotis 
I'faloodt     There  theretbre  can  remain  no  doubt  that,  in  nder  lift.,  tho  same 
dbd  takes  plnce,  and  that  the  bile  is  never  derived  from  materials  which 
bmjtut  been  brought  from  the  digcittirc  cavities. 
1  tbi>teforc  regard  the  bile  as  an  excretion  of  materials  which  are  de- 
i^iiit;  and  ready  to  be  removed  from  the  system.     I  in-  ,  , 

to  the  supposition  that  much  of  it  la  derived  troni  the  thuTunoot 
«d]>  of  the  blood,  the  life  of  which  is  only  temporary,  for  tlio  '''"^ 
4Mnof  tlie  meconium  is  nothmg  but  the  globulin  of  tho  cells,  the  two 
•iikluces  being  chemitmlly  allii:d,  and  the  [ircdominano*  of  iron  in  the 
Mb  of  meconium  seems  to  establish  a  connection  witli  ha-matin.  Jilore- 
ow.thia  opinion  ia  supported  by  the  remarkable  stability  of  many  of 
t^  fiiirogeoixcil  coloring  matters,  the  analogic:}  between  lia-malin  and 
-difan|ijijrl,  and  purtieuhirly  by  the  fact  that  in  tlie  herbivora  the  coloring 
MOD  of  the  bilu  is  undistinguishablc  IJrom  clilorophyl,  and  in  most  oth- 
»r*rK-:  closely  allied  thereto. 

'-  ..iiy  diacosnion  of  the  action  of  the  livor^it  is  thus  to  be  constantly 
iwno  in  mind  that  tlie  portal  blood  ooiiaists  of  two  distinct  portions,  ava- 
**»cTcnous  blood  and  matters  absorbed  from  tlio  digestive  ai^ratus. 
Dtnvcd  from  the  tirM  of  these  portionB,  we  truce  the  origin  of  the  bile  lo 
llu  vute  of  the  tissues,  or  to  tlic  blood-ccUa  on  their  downward  career ; 
■ni  Iwnce  we  arrive  at  the  important  conclusion  that  every  proximate 
"MRitiicnt  of  thu  bile  pre-cxiiitH  iu  the  ayeleniic  venous  bloijd. 

tjijuaann,  inclining  to  the  view  that  the  formation  of  the  bile  Decnm 
*  tWi  liver  itself,  quotes  the  e.^|>erimcnts  of  lliiJler  and  Ait»ni|,ii.io(it- 
"lOiBiwho.  afiler  t>'tnK  the  portal  vein  and  opplvinir  liiw-  '">  ■'■■•'"■■  ««^ 

.^  .  ,.  I  r    t       f  •    '  !•  Wxl  llili- pi(l. 

'■•  to  all  the  pomla  of  attaclimcnt  ol  the  hver  m  trogs,  ex-  nimt  in  Uto 
liT|airTl  tliat  organ,  and  collected  the  blood  of  those  which  '''^'' 
•trvn^i  (he  opcniliua  for  two  or  tlirec  days,  by  amputating  their  ihiglu. 
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It  was  expected  that  in  thia  blood,  bile  pigment  and  cholic  acid  would 
be  foand  if  tlie  original  formation  of  those  substances  took  place  extern 
nally  to  the  liver.  Such  did  not  prove  to  be  the  case.  It  may,  howerer, 
be  justly  inferred  that  no  reliable  conclusion  can  be  drawn  af^  opeap 
tions  of  such  magnitude  and  seventy. 

The  alleged  inability  to  detect  the  constituents  of  the  bile  in  the  blood 
c*asc  of  this  of  the  portal  vein  is  probably  due  to  the  defects  of  our  an^ 
feainKiiiie'ir  ^7*'^'  processes,  for  it  is  very  clear  from  the  circumstanoe 
the  blood.  that  tiie  bile  wbicli  is  poured  into  the  intestine  must  be  Teal>- 
sorbed,  with  the  exception  of  its  coloring  material,  either  by  the  lactnls 
or  the  veins,  or  by  both,  since  it  is  not  found  in  the  excrement.  Thnmgh 
whichever  of  these  channels  it  passes,  it  must  therefore  regain  the  gen- 
eral circulation,  for  it  can  not  be  supposed  that  in  the  short  period  c^its 
course  it  could  have  undergone  complete  metamorphosis. 

We  may  therefore  assume  that  the  proximate  ingredients  of  bile  pre- 
exist in  the  blood,  and  this  conclusion  is  enforced  by  the  fact  that,  after 
tying  the  vena  porta,  bile,  though  in  a  diminished  quantity,  is  still  sfr* 
crcted.  The  same  also  occurs  in  those  cases  of  malformation  in  which 
that  vessel,  instead  of  ramitying  into  the  liver,  empties  directly  into  the 
vena  cava.  When  there  is  any  failure  or  delay  in  the  removal  of  bile 
from  the  system,  the  effects  are  such  as  might  even  bo  predicted,  nervoTU 
disturbance  ensuing,  and  eventually  all  the  H}'mptoms  of  poisoning.  The 
circumstance  that  this  last  effect  often  takes  place  suddenly,  has  been  by 
some  supposed  to  be  dependent  on  the  necessity  for  the  bile  to  accama- 
late,  to  a  certain  extent,  but  it  is  much  more  likely  that  it  is  determined 
by  tlie  mctomorphofiiH  of  the  decomposing  bile  having  reached  a  certain 
point,  when  special  poisonous  products  have  spontaneously  arisen  from  it 

Bile,  from  whatever  animal  it  may  have  boon  derived,  contains  a  resin- 
Constitution  of  ous  soda  salt,  a  coloring  material,  cholesterine,  and  macna. 
'"'*'■  The  acid  of  the  soda  salt  is  tho  taurocholic  or  glycocho- 

lic.  The  coloring  matter  in  carnivorous  and  omnivorous  animals  is 
brown,  tlie  cholcjiyrrhin  of  licrzelius ;  but  in  birds,  fishes,  and  amphilaa, 
it  is  green,  biliverdin.  Strecker  makes  the  curious  remark  respecting  the 
bile  of  fishes,  that  in  those  wliich  arc  of  salt  water,  potash  salts  predom- 
inate ;  and  in  tliose  of  fresli  water,  soda  salts.  Among  the  ultimate  ele- 
ments occurring  in  the  bile,  and  Ijeing  of  special  interest,  may  be  men- 
Constitution  of  tioncd  sulphur,  which  exists  in  taurine,  of  which  the  com- 
tnunne.  position  is  C^,  1I-,  N,  S^,  O^.     It  may  be  obtained  from  ox- 

gall; it  has  likewise  been  made  artiiiciiilly  by  Strecker  frt>m  tlie  isethi- 
onate  of  ammonia.  It  is  distinguished  by  evolving  sulphurous  add 
wlien  burnt  in  the  open  air.  It  does  not  exist  in  the  bile  in  an  inaa- 
lated  condition,  but  probably  as  an  adjunct  to  cholic  acid,  and  has  been 
found  in  that  secretion  of  both  hot  and  cold-blooded  animnls.     It  lias. 
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been  asserlcil  tliat  siilpliur,  mul  thcrefbir  taurocholic  add,  does 
in  the  \i\le  of  tlie  bog. 
TUe  tile  ia  secreted  more  slowly  duruig  a  long  period  of  fasting,  and 
more  rapidl/  during  nomiul  nutrition.     To  a  certmn  extent,  rrmim-Uou  of 
variable  rale  depends  on  tliu  general  piinciplc  that  a  ''^'■'* 
acts  more  cuer^ctically  iu  proportion  as  tbtr  eupjily  of  blood  siint 
lo  it  bi  greater.     If  not  wanted  for  tliu  present  piirpofie,  the  product  i» 
up.  for  a  time,  in  tiic  galI-bl.-iiUler. 
►"Wlwi  tlic  bilo  has  been  long  retained  in  the  gaU-bladder,  it  becomes 
ooneeninttcd  through  tlto  removal  of  a  portion  of  its  water:  change  atbiU 
il  alio  undergoes  a  clmngc  of  color-      In  anirnnls  wliosc  he-  •fwt™*'*'"- 
pttic  bile  in  yellow  or  Lruwu,  thv  cystic  bile  had  a  tendeney  to  green,  a 
change  of  color  dependent  ou  partial  oxidulioii,  oecaeiuned  by  the  arte- 
nal  blood. 

The  flow  of  bile  takes  place  with  dift'erent  degrees  of  rojridity  at  dif- 
facnt  diurnid  periods :  thus  it  reaehcs  its  muxiumm  in  from  p_j_j  atmax 
llilrtrrri  to  tiftceti  hours  after  the  last  full  meal,  and  then  tmuu  flaw  of 
Tftpiillv  diuiini^be-9. 

Bidder  and  Schmidt  estimate  the  diurnal  secretion  in  an  adult  at  54 
Ob,  coatoining  5  jier  cenL  of  »olid  matter,  an  ct'tim.'ite  which  is  undoubt- 
edly loo  high,  so  far  as  an  average  diet  and  state  of  health  are  implied. 
Hiiaascrlcil  tliat  a  diet  of  flcKh  tends  to  produce  more  bile  than  one  of 

•  pardy  amylaeeoiid  kind.  Even  the  mmi  of  a  large  quantity  of  water 
ODwea  its  amount,  and  tliis  as  regards  its  solid  constituents.  Keme- 
AH  igents  act  in  variona  ways.  Calomel  increases  the  fluid,  but  di- 
niniilws  the  solid  constituents.  Carbonate  of  aoda  Jiminishc.>i  both. 
Agwn,  there  are  great  variatioiw  in  the  rate  of  it.s  production :  tlic  circuni- 
ittaoejujit  mentioned,  that  it^  moxiumm  How  ia  several  hours  after  the 
Auioitim  digeation,  is  ini{H>rtai)t  as  n^anU  tlm  explunulion  of  its  fonna- 
tWUsltoTring  signiticantJy  that  it  ia  not  dinretly  produced  from  uiattets 
noenlly  abitorbed  from  the  intestine,  but  from  the  aysleniic  vcnooa  blood. 

But  the  U\-cr  has  other  duties  to  discharge  besides  the  separation  of 
biie.  It  ^veji  ori^'n  to  sugar  and  fat,  as  is  proved  hy  tlic  ou>«rdDtk«fif 
oraUBitance  that  ihc  blowl  of  the  hepatic  veins  is  richer  in  Jj^'I]!^'^ 
™e  iogredients  than  the  blood  of  the  portuL  In  ibis  re-  ing  uk. 
*pect  ita  action  aeeuis  inure  parlieularly  to  be  that  it  converts  otlier  Mug- 
's bto  tlie  particular  tbrm  known  as  liver-sugar,  which  it  can  also  pro- 
ve fiom  the  transforming  albuminous  bodies;  it  tbrms  fat  from  sugar, 
■fltnakcs  from  oejtain  other  Cits  the  sjxicial  one  known  as  liver-fat.  Iu 
'■o  dotr  of  forming  sugar  and  fat,  it  exbibii.s  an  inverse  power  of  action ; 

*  the  production  of  the  one  prcdoniinatrs,  tliat  o(  the  other  declinca. 
ftWB  the  |)oiiit  of  view  which  we  have  now  reacho<l  through  this  d«- 

**il*wi»we  oie  able  to  sec  the  double  duty  whicli  thi'*  great  gland  dia- 
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Tho  lircr  does  chaigcs,  and  must  correct,  to  a  certain  extent,  the  popular 
noi  form  bile,  theory  of  its  action.  Does  the  liver  really  secrete  bile  ?  Ib 
it  tlic  business  of  the  so-called  bile-secreting  cells  to  withdraw  the  constit- 
uents of  tliat  liquid  from  the  blood,  and  combine  them  together  into  this 
\'iscid  yellow  liquid  ?  I  think  not ;  for  it  is  a  matter  of  demonstration  that 
not  only  every  constituent  of  tlie  bile,  but  the  bile  itself,  pre-exists  in  the 
blood,  and  it  is  just  as  unphilosopliical  to  burden  those  cells  with  the 
duty  of  forming  it  as  it  would  be  to  believe  that  a  like  agencj  is  luedfiil 
for  the  appearance  of  urea  in  the  kidney.  Moreover,  we  roust  constantly 
bear  in  mind  the  extreme  instability  of  this  substance,  how  readily  the 
yellow  bile  of  carnivorous  animals  becomes  green  by  partial  oxidatioai, 
and  the  green  bile  of  the  herbivora  yellow  by  deoxidation.  It  spontane- 
ously changes  in  its  downward  career,  and  any  differences  in  quality  or 
cliaracter  wliicli  we  might  impute  to  the  action  of  the  cells  upon  it  may 
be  equally  well  attributed  to  its  own  inherent  principle  of  change. 

For  these  reasons,  I  believe  that  the  bile  simply  transudes  from  the 
ikimncr  of  blood,  and  that  the  cells  of  the  lobules  have  no  special  relation 
removing  it.  ^Q  jj  iieyond  this,  that  it  oozcf  past  their  interstices,  or,  perhaps, 
by  phyf*ical  imbibition,  tinds  access  to  their  interior.  I  see  no  reason 
that  these  cells  should  form  it  when  it  pre-exists  in  the  blood,  nor  does 
the  state  of  the  affluent  and  effluent  blood  offer  any  contradiction  to  this 
conclusion.  In  all  discussions  of  the  functions  of  this  organ  founded 
upon  a  comparison  of  the  portal  and  heimtic  venous  blood,  the  relative 
quantity  of  water  whicli  they  contain,  and  its  great  and  even  rapid  fluc- 
tuations, should  always  be  borne  in  mind.  As  might  be  expected,  portal 
blood  contains  far  more  water,  anil,  even  after  abundant  drinking,  the 
amount  in  the  hejmtic  venous  blood  has  by  no  means  increased  to  the 
extent  that  might  have  been  cxj)ectcd.  It  is  for  these  reasons  that  the 
bile  varies  80  greatly  at  different  periods  in  its  specific  gravity  and 
fluidity. 

The  blood  of  the  portal  vein  is,  moreover,  periodically  varying  in  its 
Variation  in  constitution,  according  to  the  state  of  activity  of  the  oigans 
lioVoniitwor-  *'^'"  which  it  is  being  derived.  In  the  first  stages  of  diges- 
ts! Uuoii.  tion  the  stomach  is  supplying  it  in  unusual  quantities,  and 
with  the  ingredients  wliich  its  veins  have  l)cen  absorbing  from  tlie  resnit 
of  histogenctic  digestion.  A  little  Inter,  the  same  thing  occurs  with  the 
intestine.     At  another  period  the  supply  from  the  spleen  varies. 

The  explanation  which  Mr.  Handfield  Jones  has  recently  given  of  the 
Funi-tionoftho  function  of  tlic  hcftatic  cells — that  they  manufacture  livei^ 
hepatic  cells,  sugar — descrves  attentive  consideration,  more  particularly  if 
we  likewise  imjnite  to  them  the  production  of  liver-fat ;  for  this  would  at- 
tacli  them  rather  to  the  ramifications  of  the  hepatic  veins  as  a  part  of  their 
instrumental  mechanism,  and  assign  them  only  a  very  indirect  relation  to 
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the  Lile-ducts.  The  contrail  icton*  statements  wliich  Uaxo  becu  inndo  hy 
ihr  most  eminent  anntomijJts  resjwtliiig  llie  coimcttion  of  the  liile-Jncts 
»mi  the  bUe-eells — some  l<elieviiig  that  tlie  hile-ducta  are  covered  inte- 
riorly with  the  ocUs :  others,  that  the  ducts  end  on  the  outside  of  the 
Iftbnles  :  oihcra,  that  the  pnssapcs  reported  in  have  hren  seen  among  the 
c*4U  are  inlrrstitial  channfla  luid  not  jirojicr  vessels — make  it  jiist  as 
^irobalJe.  anatomically,  that  the  celU  belong  to  the  hejMtio  veins  as  that 
llwy  Wong  to  the  bilian-  duct^. 

It  is  true  lliat  then^  may  he  a  mixed  action,  and  that  presence  of  bU- 
mtj  innttfT  may  be  ncoessary  to  the  sugar  and  fat  jTfoducing  agency. 
Thi«  inierworking  and  mnlual  dependency  of  functions  is  not  without  a 
fnnllcl.  Thus  the  lung,  viewed  an  a  secreting  or  excreting  gland,  hait 
feirita  object  the  removal  of  carbonic  ncid  from  the  pysicjii;  but  it  also 
Jkchargt-a  another  duty,  Trhicli  is  dependent  tor  its  aceomplishment 
Hjioii  the  physical  or  chemical  qualities  of  tiie  ha-matin  of  venous  bloo<lt 
th>  iDfaroduction  of  osygen  by  aerating  or  arterializing.  But  the  excre- 
tio  of  carbonic  acid  and  the  introduction  of  oxygen,  though  separate 
fhpiological  events,  and  to  be  flpokcn  of  as  distinct  functions  of  the 
ha^  are  yet  nc\'crthelcss  intcreonnocted :  the  one  in  eitiK>ntial  for  tJic  ac- 
Bani]4i<<hmcnl  of  the  other,  and  the  one  ciVcct  ih  mmle  the  means  by 
vtuL'l)  the  other  is  brought  about. 

&  it  may  be  in  th«  liver:  the  contact  of  bile  with  the  secreting  cells 
vvf  b<!  essential  to  their  sugar  or  fat  producing  action. 

Tlw  deposit  of  tat  and  the  production  of  bile  seem  to  be  inversely  as 
odi  other.  Didder  and  Schmidt  found  that  fat  animals  lUlArloncniM 
ti:U  Ifisfl  hile  than  lean  onea,  and  tliat  when  thcv  werr  fed  ''■■[;'*■"""■»» 
mUt  the  r|unntity  was  smaller  than  in  the  ease  of  animals  ori>ii«. 
Won  a  Icjw  fatty  dieL  From  such  facts,  the  inference  has  been  drawn 
Ust  liic  aemmnlatiiin  of  fat  is  in  eonseqncnee  of  a  diminution  of  the  se- 
ction of  bile,  and  not  tlxat  the  diminution  is  the  couBequence  of  the  an- 
■ntl  l«ing  tat.  In  eucb  discuitsionti  it  should,  however,  be  recollected, 
thn  i|)p  fiits  do  not  furnish  all  the  substances  required  for  the  produc- 
tiw'ifbtle,  but  only  a  limited  portion  thereof.  Thus  there  are  reasons 
nr  ibe  Iwlief  tliat  sugar,  lactic  acid,  or  some  other  allied  body  is  emtcn- 
tW  to  that  process,  and  it  in  very  clear  that  w)  too  are  the  mnteriolii 
fWiiipd  from  the  decay  of  the  cells  of  ihe  blood. 

Wiih  rcapcct  in  the  production  of  migar  in  the  liver,  it  niny  Ite  re- 
"wikcd.  thai  Uie  qnantity  of  that  substance  in  the  solid  rea-  p^^^^^p^n  „( 
™w  of  the  senim  «(  hi^patir  blood  is  from  ten  to  sixteen  M>^-»r  -nri  ht 
*"»■  greater  tlian  in  the  same  residue  from  the  portal  bloo<l ;  "  ' '"  '""^' 
lul  b  animals  undergoing  Btarration,  though  no  sugar  could  lie  foimd  in 
F^tal  blnoi],  it  oecurrr^l  to  such  an  extent  in  thi'  corrr<<|ionding  h<>|KUir 
*<ti(ni  blood,  that  Lchuiaun  found  tlmt  its  quantity  could  bo  determined 
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by  feniientation.  From  this  there  can  be  no  doubt  that,  in  the  changes 
which  are  occurring  during  tlie  passage  of  the  blood  through  the  Iivez> 
there  is  a  production  of  sugar,  and  tliis  seems  to  be  connected  with  a  dim- 
inution in  the  quantity  of  fat ;  for  if  an  excess  of  fat  and  a  deficiency 
of  sugar  enter  that  organ,  and  their  quantities  arc  inversely  changed  at 
their  emergence  from  it,  it  would  appear  that  fat  may  be  decomposed  act- 
ually, as  we  know  is  possible  hypothetically,  into  cholic  acid  and  sugar. 

But  with  respect  to  taurine,  the  adjunct  of  the  cholic  acid,  since  it  is  a 
Taurine  comes  '"trogcnized  hody,  we  are  obUged  to  seek  for  it  in  some  otb- 
fniiii  blood-  er  source,  and  tliis,  it  would  appear  from  the  facts  set  forth, 
**  *■  must  be  the  regressive  metamorphosis  of  the  blood-ceUs. 

Taurine  lias  not  as  yet  been  detected  in  the  portal  blood.  It  can  not  be 
supposed  that  the  sulphuric  acid  of  the  portal  blood  is  used  by  deoxida- 
tion  in  the  preparation  of  free  sulphur  for  the  taurine,  since,  if  any  thing, 
the  quantity  of  that  acid  in  the  heimtic  venous  blood  is  increased.  From 
whatever  source  it  may  have  been  derived,  the  sulphur  of  taurine  entered 
the  liver  in  an  unoxidizcd  state. 

When  we  reflect  that  the  bile  is  the  product  of  decay,  that  it  pie-ez- 
ists  in  the  blood,  that  on  its  arrival  in  the  intestine  a  part  of  it  ia  cast 
out  with  the  fa'cal  matter,  it  seems  verj-  unlikely  tliat  an  immense  cell 
apparatus,  constituting  tlic  largest  gland  in  the  whole  system,  should  be 
Aniiojnes  in  iieccssary  for  its  reniovah  But  when  we  moreover  reflect 
dudnc  sucur'"  ''^'**'  '^^  *^*^  mcchanism  of  plants,  from  gum,  or  rather  from 
and  fat.  Carbonic  acid  and  water,  under  the  agency  of  cells  in  the 

leaves  or  other  structures,  both  sugar  and  oils  are  formed,  we  recognize 
that  there  is  a  connection  between  those  organisms  and  these  producta. 

M.  Bernard's  e.\])eriments  seem  to  show  that  the  sugar-forming  funo- 
influenw  of  tw"  of  tljc  livcr  may  be  morbidly  increased  by  wounding  the 
ihe  i.iii'uiiio-  medulla  oblongata  near  the  origin  of  the  pneumogastric  nerve, 
on  tii<:  nusnti-  Or  by  the  application  of  galvanism  to  the  same  part,  an  arti- 
lyofsugnr.  jjcinl  diahctes  ensuing,  and  this  within  a  few  minutes  after 
the  operation,  but  it  usually  ceases  after  two  or  three  days.  It  is  accom- 
panied by  a  great  derangement  of  re8i)iration.  a  lowering  of  the  tempera- 
ture, and  a  venous  condition  of  the  arterial  blood.  It  by  no  means  fcA- 
!ows,  however,  that  the  excess  of  sugar  observed  in  Bernard's  expeii- 
mcnts  arises  from  an  increased  action  of  the  liver,  or  an  increased  energy 
of  tlie  sympathetic  ner^x :  it  may  be,  as  Ileynoso  asserts,  attributable  to 
the  injury  inflictctl  on  the  pneuraogastric,  and  diminished  respiration. 
The  administration  of  ether  and  chloroform,  the  conditions  of  old  age  and 
fcctal  life,  the  influence  of  many  diseases,  as  chronic  bronchitis,  astluns, 
pleurisy,  all  present  a  tendency  to  the  accumulation  of  sugar  in  the  urine, 
the  sources  in  each  of  these  cases  being  attributable  to  respiratory  dis- 
turbance ;  for  if  any  thing  occurs  to  retard  or  delay  the  destruction  by 
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ftxidition  of  the  sugar,  constantly  formed  by  the  liver,  the  acctimulotion 

will  make  its  appearance  in  thu  iirine.      The  Qp|)caraiice  of  &!tcclianne 

matter  in  that  socretioit  may  bo  e<[uiUIy  well  attributed  to  itn  non-cl»> 

I  itraciion  io  the  system  generally  as  to  its  over-production  by  the  liver. 

This  ghind,  besides  producing  eugar  and  fat,  ia  tiie  seat  in  which  the 

warn-out  blood-cells  arc  tiniilly  dismlcgraled,  and  probably  p^^ini^j^^  ^ 

dM9  yoang  ones  poshed  forward  tlirougli  a  certain  stage  of  Moa<i-«HUiii 

their  dc .  '  ;       nt;  advantage,  moreover,  being  incidentally  '     '*"■ 

t*]um  i-\      ■       '  ix-tcd  bile,  whiuh  possesites  properties  uscliil  though  not 

cawntial  for  promoting  the  digestion  and  absorption  of  fatty  ranteriol, 

pcrbape,  also,  of  imparting  a  definite  course  to  the  transmutation  of  the 

•emi-digc»ted  material  in  lUc  inte<«linc,  and  this  both  ju  regards  nitn> 

poised,  amylaceous,  and  fatty  IkhKcs.     Of  the  influence  of  tlic  InIc  in 

pnmcrtiog  tlie  absorption  of  fat,  the  pbysleal  cxperimentsi  whldi  have 

bm  alluded  to  leave  no  doubt ;  but  that  thea«  uses  ore  of  a  sccondaty 

Of  uoa-csaential  kind,  and  are  only  taken  advantage  of  in  an  indirectly  ec<^ 

BOiaical  way,  is  CKUblinhcd  beyond  all  possibility  of  a  doubt  by  the  fact 

tint  animals  can  live  for  a  lung  time,  even  for  months,  without  the  jmis- 

apiif  bile  into  the  inlentine,  provision  having  licen  made  for  its  c«»|M] 

sxtEinally  through  an  artilii-iul  lit^lulous  orifice. 

Tbcte  conciui^ions  rct^pcling  the  functions  of  the  liver  arc  in  harmony 
with  Ike  appearances  presented  by  the  blood  leaving  and  entering  it; 
tfce  prpdominance  of  colorless  hlood-cclls,  and  of  young  celb  well  ad- 
nnceil  toward  pcrt'cction  in  the  former,  and  of  wasted,  worn-out  ones  in 
iblntlCT;  with  the  fact  tliat  the  maximum  accretion  of  bile  does  not 
Uke  pUcc  until  more  tlian  half  a  day  after  the  ingestion  of  food ;  and 
Ubj  Airing  fwta!  lite,  in  which  tJiere  is  no  food,  citlier  in  the  stomach  or 
U'l'siiDc,  to  be  digested,  the  liver  ia  nevertheless  in  high  activity,  and 
We  it  fcccreted. 

^  ticw  of  all  the  preceding  iiicts,  we  may  therefore  finally  oonclnde 
*!>»  there  are  at  least  four  distinct  operations  conducted  in  the  liver ;  1. 
The  production  of  sugar  and  fat;  2.  The  sepnrolion  of  the  bile;  3.  The 
««tniLiioii  of  old  blood-eells;  4.  The  completion  or  perfection  of  young 
•"""tfldls,  perhaps  by  receiving  their  iron.  With  respect  to  these  it 
"*,v  U  remarked, 

'"ir/tl.  The  formation  of  nigar  and  fi»t,  either  from  carbohydrates,  or 
"■•'i  m  this  instance,  is  more  probable,  from  allmmcnoid  bod-  Cvwni  *um. 
w  Wouglit  by  the  portal  vein,  can  no  longer  be  doubted,  "'"j'f^*,?^ 
*■>  I'niTtlence  of  Ilvcr^iugar  and  liver-fat  in  all  that  region  «. 
"Uievcnousi  circulation  included  between  tlie  liver  and  the  lungs  must 
*'ttiihn1ed  to  this  source.  Tliat  tlie  sugar  undergoes  rapid  mctiuuor- 
P**i*  in  tlie  pulmonary  organs  is  plainly  proved  by  the  elfectB  of  irri- 
'•uutiof  the  pneumugastricB,  which,  intcriering  with  the  function  of  rea- 
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piration,  permit  tliis  substance  to  reach  the  aortic  circulatioii,  from  which 
it  is  removed  by  the  kidneys,  a  diabetes  arising.  So  far  as  the  prepaim- 
tion  and  course  of  this  sugar  is  concerned,  the  liver  is  a  dactlesa  gland, 
and,  with  Mr.  Handheld  Jones,  I  believe  that  the  cells  of  the  liver  are  the 
agents  which  accomplish  this  duty.  The  production  of  fat  appears  to  be 
inversely  as  that  of  sugar.  In  the  crustacean  bile-sac,  Fig.  82,  we  aee 
the  gradual  stages  of  its  appearance ;  and  the  production  of  both  bodioi 
is  w^cll  illustrated  in  the  life  of  plants. 

Second.  The  bile  is  separated  from  the  blood  portion  of  the  portal 
blood,  and  not  from  the  products  of  digestion  obtained  from  the  chylo- 
poictic  viscera.  The  elements  of  bile  I  believe  to  pre-exist  in  the  blood, 
and  to  escape  from  the  portal  veinlets  to  the  biliary  ducts  by  mere  filtxa- 
tion  or  strainage.  The  precise  source  from  which  the  bile  is  derived 
is  probably  tlie  blood-cells,  and  in  the  changes  which  they  are  under> 
going  the  spleen  is  perhaps  concerned.  If  this  be  so,  the  bile-duct  is 
as  much  a  duct  for  tlic  spleen  as  it  is  for  the  liver  itself.  The  bile  wkj 
almost  be  looked  upon  as  a  hydrocarbon,  containing  a  very  changeable 
and  thcreforo  noxious  coloring  material,  which,  when  the  secretion  readi- 
es the  intestine,  is  parted  from  it  and  dismissed  with  the  fasces,  the  prop- 
er hydrocarbon  being  taken  up  by  the  absorbing  arrangement  for  hydio- 
carbons,  the  lactcals,  and  so  sent  through  the  thoracic  duct.  Perh^w, 
also,  by  reason  of  its  special  adaptcdncas  for  that  purpose,  it  aids  in  the 
absorption  of  other  fats. 

At  tliis  point  it  may  be  remarked  that  the  view  here  presented  of  the 
sugar-forming  and  bile-straining  functions  of  the  liver  appears  to  be 
greatly  strengthened  by  the  anatomical  construction  of  that  organ. 
There  is  no  obvious  communication  bet^veen  the  portal  and  hepatic  vein- 
lets  save  through  cells,  but  the  portal  veins  and  the  bile-ducta  run  in 
their  ramifications  side  by  side. 

Tliird.  Whatever  part  of  the  disintegration  of  old  blood-cells  takes 
place  in  the  »plcen,  their  final  destruction  is  doubtless  nccomplislied  in 
the  liver,  tln^  being  tlie  immediate  source  from  which  the  bile  itself  is 
derived.  Though  these  metamorphoses  arc,  to  a  greater  or  less  extent, 
occurring  throughout  the  circulation,  it  is  in  tliese  two  great  glands  that 
an  opportunity  is  afforded  for  the  destruction  to  reach  its  completion,  and 
the  resulting  jiroduct  of  waste  to  be  removed ;  nor  is  there  any  thing  in 
this  view  at  all  contradictory  to  the  o]iinion  I  have  enforced,  that  all  the 
constituents  of  the  bile  may  Im  foniid  in  the  general  circulation. 

Fourth.  The  liver  also  aids  in  the  preparation  or  maturation  of  young 
blood-cells  in  an  indirect  way.  There  are  certain  of  the  mineral  constit- 
uents of  the  disintegrated  cells  too  valuable  to  be  cast  away,  since  they 
can  subserve  the  duty  of  entering  into  the  composition  of  young  ceUs 
passing  toward  perfection.     As  sucli  a  substance  may  be  mentioned  iron. 
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This  view  of  tlie  action  of  the  liver  uppcara  iiLio  to  Iw  sustaineil  by  the 
luirt;  number  of  ftlar-tiko  ruid  (^fmiguti^cl  blood-cclU  occurring  in  the 
|iortnl  blood  of  i'nstitig  animaU^  und  whicK  urc  replaced  by  such  a*  upnatr 
to  bo  youi^  and  pcrtbct  in  the  blood  of  the  licpatic  veins.  It  is  not, 
howrtrcr,  to  lie  snppoacd  tliat  all  the  iron  i«  economized  in  this  mannGr; 
a  cciiuiidcralilr  portion  of  it  acconipAiiies  the  pigment  as  an  essential  in- 
gredient, and  is  liually  disc-liai^d  tbrough  the  intestine 

OP  THE  DUCTLESS  GI-ANn& 

Tbe  salivary  and  sudorijwroaa  glnnds  discharge  tlieir  aecirction  directly 
tbrnu^  ducttt.  Tlu*.  liver  and  kidncyfl  have  u[)on  lljeir  iluctti  j^f.  auotiw* 
an  idditional  mechanism,  Iho  gall  hlmldiT  in  tli«  on«i  case,  and  s'*'"**- 
the  nrinar)'  in  the  othoTt  which  serve  as  receptacles  for  storing  np  the 
.podoct  of  action  in  s  tempornry  mnnncr,  and  ao  converting  the  continu- 
OUftflect  of  the  gland  into  a  periodical  resnlt.  In  each  of  these  instances 
n  miy  arrive  at  concloaions  of  a  certain  degree  of  exactness  respecting 
the  functions  mid  ubc  of  the  gland  from  a  study  of  the  secretion  it  yields ; 
but  tlicm  are  in  tht;  KyKtem  other  ghmdiilar  organs  which  differ  I'-ssen- 
liallv  from  all  tlie  preoeding  in  not  being  fiimislied  with  ducts.  These 
■ellie  spleen,  the  thymus  and  thyroid  glatuls,  and  the  supra-ronal  cap- 
nks. 

JIucJi  diversity  of  opinion  prevails  respecting  the  true  nature  and  ac- 
tiflii  of  these  bodies.  From  1  heir  stmctnrc  bearing  a  reaem-  Ti«Bt»upp««wi 
Uinoe  to  that  of  the  preceding,  witli  the  exception  of  the  ab-  ftjo^ioo*. 
Cue  of  a  duct,  many  have  thought  that,  like  tbeni,  they  are  really  seciet- 
iogut^as.  OtbeTH  have  supposed  tliat  they  have  a  relation  to  tlie  nu- 
tRlion  of  the  system,  in  giving  origin  to  the  development  of  cells,  or  that 
tlier  irc  connected  with  the  organization  of  the  blood  itself;  and  that 
ndi  it  their  duty  is  perhaps  rendered  probable  by  the  circumstance  that 
WMof  tlv^m,  aa  the  thynm.<i  and  thyroid,  exhibit  their  utmost  dcvelop- 
otntwheji  the  hody  is  rapidly  growing,  and  diminish  when  maturity  is 
WciiciL  Tliat  they  enjoy  a  community  of  action,  or  that  their  function 
*M  be  vicariously  discharged  by  oilier  organs,  has  been  clea.rly  tistab- 
Uiihd  liy  the  result  of  operations  in  which  one  or  otJier  of  them  has  been 
enirjftted. 

^ith  Ecspoct  to  the  spleen,  the  views  of  Professor  Kolliker  are  sup- 
P^rtol  by  many  facta.  He  snp]>oscs  that  one  of  the  chief  tunc-  pBrnnion  of 
■■oo'ofiliat  gland  is  the  dissolution  of  the  disorganizing  blood-  f*e»pi««- 
™iU  pjrparntory  to  tlie  action  of  the  liver,  in  which  Inematin  is  to  be 
'^'itorted  into  tlw  coloring  matter  of  the  bile.  In  the  discussion  entered 
^^°  Tnpecling  the  origin  of  the  bile,  we  have  come  to  tlie  oonclusioa 
'art  it  ii  derived  from  tlic  systemic  venuiiB  blood,  ami  in  the  supposition 
""^  pnaenied  respecting  the  function  of  the  spleen  there  is  uotliing  con- 
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tradictoTjt  for  it  is  to  be  remembered  that  the  blood  of  the  spleen  is  a 
constituent  of  the  portal  circulation.  It  also  appears  to  be  a  general 
opinion  that  the  spleen  likewise  maintains  a  mechanical  relation  to  the 
portal  mechanism  by  serving  as  a  receptacle  for  any  excess  of  blood, 
and  thus  relieving  the  vessels  of  pressure,  or  by  acting  in  like  mannet 
when  there  is  any  obstruction  to  the  passage  of  blood  through  the  liver. 

As  our  knowledge  of  the  action  of  the  ordinary  glands  becomes  more 
Analogy  of  the  accurate,  the  function  of  the  ductless  glands  loses  mnch  of 
^"th  ^e*duct-  '*^  peculiarity.  As  we  have  already  stated,  in  a.  certain 
ku.  sense  the  liver  itself  may  be  said  to  be  a  ductless  gland;  for 

it  appears  to  be  one  of  the  constant  duties  of  that  oigan  to  prepare  engar 
from  materials  in  which  it  did  not  pre-exist  And  this  sugar  does  not 
escape  through  the  hepatic  ducts  in  company  with  the  bile,  but  is  taken 
directly  into  the  system  through  the  hepatic  veins.  Bat  this  pnndple 
of  action  is  identically  what  occurs  in  the  case  of  every  ductless  gland, 
and  hence  it  may  be  inferred  that  the  changes  which  these  impress  on  the 
blood  are  necessary  for  the  development  and  nutrition  of  the  system.  If 
the  doctrine  of  Kollikcr  be  correct,  the  spleen  is  only  an  appendix  to  the 
liver,  and  the  same  duct  answers  as  a  common  outlet  for  both. 

The  views  here  alluded  to  are  enforced  fay  the  examinations  whidi 
Sitnre  of  htive  been  made  of  the  blood  of  the  splenic  vein.  The  fol- 
npionic  blood,  lowing  table  exhibits  the  contrast  between  it,  that  of  the  ex- 
ternal jugular,  and  that  of  the  mammary  artery. 

Cbrutittition  ofSpkmc  Bhod.     (from  <ScActw.) 


Mammary  ArWiy. 

Kit.  Jltf^ulKT. 

Splenic  Veto. 

Water 

Corpnsclea  and  Fibria.... 

750.60 

89.50 

159.90 

778.90 

79.40 

141.70 

746.30 

124.40 

128.90 

.40 

1000.00 

1000.00 

1000.00 

From  which  it  appears  that  the  blood,  after  circulating  through  the 
spleen,  has  lost  a  large  portion  of  its  cells,  the  relative  quantity  of  its 
albumen  is  greatly  increased,  and,  moreover,  trom  being  the  basic  alba- 
minate  of  soda,  the  form  under  which  it  ordinarily  occurs  in  the  blood, 
it  has  become  the  neutral  albuminate,  as  is  proved  by  a  turbid  appear- 
ance on  the  addition  of  water,  and  this  state  it  seems  to  retain  during 
the  portal  circulation,  for  the  blood  of  the  hepatic  veins  exhibits  the  same 
peculiarity. 
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cnAPTETi  xn. 

OF  EXCRETION. 

fin   DUMB,  MILK,  AMD  COZAJiSODS   BXCHSTKMIS. 

Smtim  mi  Exrrttion. 

<ffdt  Kidat^T  iu  Strmlnrt  and  /WrfHWf.  — 71«  .IMfrnjium  (Imiiuum. —  TV  rriati  it*  A> 

fwiimli,  ttitir   i'nrwhbiM  and  Somrrrs. — Abaormai  SiLtttau-rjt  in  ii.—  T%t  Waltr  and  Sah» 

mA  ly  FHUatkm.—Tf>t  CdU  ranone  mivn^tsai  Dodia.—Mamtr  «/  Rmtmit  of  ikt  Li^idd 

fitm  (k  Muipiyiitm  Sac. 
QTltt  ifaMBuvjr  filamli  itt  Straetan. —  Otintlnan  aati  Milk. — fmgirdii'HU  of  JUiJt-  luut  their 

rvMtMiJI — Inflmattt  tf  ijift. — ImnptayiHto  the  (trij/ia  cf  Ae  ImffoHridt  ^  tht  Milk,iu  fitt, 

0mm.  HattA,  Sugar. —UamiritfAnimqflfie  (.'lanit  bg  Siraiaa^. 
QTd*  Stifu—Strvtiure  of  Ha  K/tidrrma  amd  Urrma.—.Stuhriparaia  amtt  Stbuatmt  G'&tMrfk— 

VA.—ilaif.—liufn'dtmu  of  PtnfiintitH.—Etkaiia}Mt  iU  JfflwnL— CIjmmv  ^du  Vmi- 

M  ioto  of  tie  Sth.~Iu  Dotib  A<tivii.—Atmin»io»  ^  die  Siiii.—Grmnt Summary  vf 

Ik  Oittawpw  AMcfinw. 

Thk  fuacliori  of  secretion  ia  very  commonly  treated  of  by  physiolo- 
gHlii  andrr  two  divtsiona,  Becretion  niul  extTetion.  The  p.  ,j_^i-,  v^ 
bneriefLTS  to  tlie  separation  from  the  blood  of  those  fluids  tin.>i]&««<Tocioti 
■tich  «te  re<iuired  for  ibe  uses  of  tlie  body,  and  which  are  **'^  *"' 
ttiatfore  still  retained ;  the  latter,  to  tliose  which  arc  effete-,  and  to  be 
Mrtcut  as  excrcmentitious  matter.  Of  secretions,  the  Siili^-a  or  the  pan- 
Qctlic  juice  may  be  token  as  examples  ;  of  excreliona,  lho  urine. 

Hut  this  sulxliriaion  is  only  one  of  convenience,  and  has  no  natnnl 
fe'iidation.  The  so-called  secretions  are,  in  many  instances,  far  from 
Itongniorc  highly  elaborated  bodies;  in  reality,  ilicy  are  often  on  their 
dwcendinf;  cai'ccr.  And  among  excretions,  if  milk  be  enumerated,  as  it 
*ghf  to  be,  since  it  is  a  dismissed  product  of  the  system  preparing  it, 
wlmf,  instead  of  an  cxcremenlitious,  a  pre-eminently  nutjiiivc  body. 

^'f^'ertbclew,  since  this  manner  of  considering  the  subject  offers  con- 
■fctblc  conveniences,  I  have  resorted  to  it  for  the  preceding  and  ]>rea- 
Ot  ebjrtera.  In  this  I  shall  accordingly  treat  of  the  urlue,  the  milk, 
■^  tlie  productA  removed  by  the  skin. 

OF  THE  KIDNEYS. 

TVprodncta  ofwastn  arising  firom  oxidation  in  llie  functional  activity 
■weByilem,  and  which  arc  of  a  non-gaseous  kind,  tlie  use-  pi,^,;^^,  ,u,^ 
'^nalerioU,  ulinc  or  otberuise,  which  have  been  abtwrb-  ikwoftb-kW. 
*  in  the  digesti\'o  tract,  and  carried  into  the  circnlotion,  "''' 
*"*  be  removed.  Gaseous  substances  and  vapors  may  pass  away 
'™*gli  the  lujigs,  but  solid  material  must  be  excreted  in  a  slate  of  bd- 
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lution  in  water.  To  accomplish  this  object,  a  special  mechAniBtn,  the 
kidney,  is  introduced. 

From  tins  manner  of  considering  the  functional  duty  of  the  kidney,  it 
is  very  clear  that  a  special  relation  must  exist  between  this  excreting  or- 
gan and  the  respiratory  mechanism,  for  in  the  case  of  animaU  wlucli 
breatlic  by  ^lls,  or  in  those  which,  though  subsequently  atmospheric 
breatliCTs,  receive  their  supply  of  aerated  blood  before  birth  by  a  pUcenta, 
the  conditions  under  which  aeration  takes  place  are  such  as  permit  dw 
removal  of  solid  material  by  the  respiratory  mechanism.  The  nrinaiy 
excreting  apparatus  of  an  animal  breathing  air  is  therefore  necessarilj 
burdened  with  an  exclusive  duty,  which  is  shared  by  the  gilla  and  ihe 
skin  in  a  water-breather. 

In  fishes,  the  renal  apparatus  is  constructed  under  the  condition  here 
„  ...  .  indicated,  and  though  in  many  it  appears  to  be  greatly  de- 
lurds,  RtYttt,  vcloped,  extending  as  a  tubular  arrangement  from  the  skull 
insecii,  etc.  tlirough  the  abdominal  cavity,  it  is  to  be  regarded  as  analo- 
gous to  thcWolllian  bodies  rather  than  to  the  true  kidney.  In  reptiles 
the  proper  kidneys  appear ;  in  birds  they  are  well  developed,  but  their 
secretion  is,  for  the  most  part,  a  semi-solid  substance,  chiefly  urate  of 
ammonia.  The  tubular  form  is  presented  in  both  insects  and  arachm- 
dans,  discliarging  its  secretion  into  a  cloaca. 

In  man  the  kidneys  may  be  described  as  a  pair  of  dark-red  ovoid  bod- 
The  kidneys  in  '6^>  placed  one  OH  each  side  of  tlie  vertebral  column,  in  the 
»"•  lumbar  region,  the  right  kidney  being  a  little  lower  than  the 

left.  In  the  adult  the  kidney  is  four  or  five  inches  in  length,  and  is  en- 
veloped in  a  mass  of  fat.  Blood  is  brought  from  the  aorta  to  supply  the 
organ  by  the  renal  or  cmulgent  artery,  and  is  carried  back  by  the  emul- 
gent  vein  into  the  inferior  vena  cava.  During  its  passage  through  the 
kidney  there  is  removed  from  the  blood  a  liquid  secretion,  the  nrioe, 
which,  flowing  down  a  long  channel,  the  ureter,  is  emptied  into  the  blad- 
der, from  which  it  may  be  periodically  removed. 

The  supra-renal  capsules  are  bodies  of  a  yellow-red  color  placed  above 
Supra-renal  the  kidncys.  Tlicy  arc  much  larger  in  the  fcetus  than  in  the 
capsules.  adult,  and  doubtless  have  a  reference  to  the  pecuUar  conditions 
of  respiration  obtaining  at  that  time,  for,  as  we  have  just  observed,  the 
renal  and  respiratory  mechanisms  are  necessarily  interconnected. 

The  substance  of  the  kidney  is  described  as  consisting  of  two  por^ 
Minute  struc-  *'*'"^'  *^*'  cortical  and  the  medullary  or  tubular,  as  seen  in 
ture  of  the  kid-  I^lff.  88,  in  which  1  13  the  supra-renal  capsule ;  2,  the  vasco- 
''*^'  lar  pcrtion  of  the  kidney;  3,  3,  tubular  portion  grouped  into 

cones;  4,  4,  papilhe  projecting  into  calices;  5,  5,  5,  the  three  infundi- 
bula ;  6,  the  pelvis ;  7,  the  ureter.  (Wilson.)  From  which  it  appears 
that  the  cortical  substance  is  the  external  portion,  and  the  tubular  is 
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'^  **■    t  grouped  mto  coiies,  tlie  base  of  cacli  cone  Iwing 

outward,  and  the  point  toward  (lie  pelvis  of  tlie 
kidney.     The  cortical  sulistaiicc,  however,  cnvel- 
.-  Yi        '^P^  ^°  cone9  nearly  to  their  points.     It  is  of  a 

£  ^^m^n  ^  color,  and  is  the  scat  of  tlie  secreting  action. 
B  ^^Hr^B'  '^'"^  urine,  as  it  ariacK,  pniiscs  along  the  tine  eon- 
T  .Tm.^i#  vcrgent  vcmcIh,  the  urinifcroiii*  tiibe-s,  and  these, 

coalescing  aa  they  approach  the  jioints  of  the  cones, 
give  origin  to  what  arc  termed  the  ducts  of  Bellini. 
From  these  the  isucn.'lioii  paBses  into  the  calices, 
thence  into  tlie  pelvtfi,  aud  50  along  the  ureter  into 
the  bladder.  In  the  cortical  fiubstnncc  there  ore 
large  niimbcTB  of  dark  pointa,  the  ^[alpighian  bod- 
ies. Their  diameter  is  al»out  j^ ^  of  an  iiicIl 
Mr.  Bowman  ha&  demon straicd  that  the  minute  structure  of  the  cortical 
(Wlioii  is  ua  follows :  The  uriniferous  tubes,  as  they  approach  it,  undcr- 
^  Wiircalion  in  auch  a  way  tlmt  the  branches  continually  arising  have, 
fin  U«!  mvRt  part,  a  diameter  of  about  ^  ,^  of  an  inch.  As  tltey  enter  it 
tlMy  sie  contorted,  and  at  their  ends  present  pmall  capsalea  or  Haak- 
tka^  toes-  Kai'h  of  the  cnj«ulcs  ia  entered  by  a  twtg  of  8,„.,_-,nftk, 
lie  xtml  artery,  which  at  once  divider  into  loo]>-like  branoJi-  Mulpi^chUn 
flt  oonitiluling  a  tnft,  ,and  which  delivers  the  blood  to  a  **"'*  "*' 
TUB  oripnatin;^  in  the  inierior  of  each  tuft.  The^e  stmctures  are  known 
UtholUlpighian  corpuscles.  Tlie  vein  and  artery  pass  out  of  the  cor- 
puclcs  Oitually  at  tlic  same  point ;  tlic  vein,  howevcT,  instead  of  ddiv- 
oing  its  blood  at  once  to  the  renal  vein,  forms  a  plexus  on  the  sides  of 
ssmiifetous  tube,  in  this  sitnulating  tlte  mechanism  of  the  portal  vein, 
lAich  begins  in  a  capillary  system  and  ends  in  one.  It  is  supposed  that 
oieMudation  of  the  water  of  tlic  urine  takes  pKicc  in  the  llalpiglnan 
*Q<)v,  and  tlio  secretion  of  the  solid  portions  tVom  tho  cells  which  cover 
t^f  nriiiiferoaa  tubes. 

Till'  chief  feature  of  this  stmctnro  i»,  thcrefons  that  m  a  sac  formed 
"I'lna  uriniterous  tube,  a  tuft  of  capillaries,  the  walls  of  which  arc  ofcx- 
'thk  ifjiuity,  permits  water  to  escape  from  the  blood  supplied  by  tEic 
«nii!p?nt  artery.  Tho  blood,  thus  couct-utraled  by  loss  of  il.*  water, 
l^ttca  into  tho  veinlels  which  originate  in  the  interior  of  the  tuft;  thciW, 
Wimging  into  a  little  trunk,  less  in  diameter  than  the  twig  cp„,i,jti(^  ^ 
ofihe  antilgent  artery,  escape  along  with  tliat  vessel  from  ibci>i(»«iuiU»o 
*«  (apsule ;  bui,  infllead  of  discharging  its  contcnta  into  the  '  ""• ' 
'^  vein,  it  mmifies  in  a  plexus  on  the  walls  of  a  nriniferous  tube,  thus 
'^"'linjj  a  miniatore  representation  of  the  portal  vein,  beginning  in  a 
opillary  itystem  and  ending  in  one.  From  the  plexus  the  commencing 
■"piluiM  of  the  rcual  veins  arise. 
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Some  anatomists  suppose  that  the  MHlpighian  ctpealc  is  nott  in  rcau^ 
fV  »?.  a  tlusk'like  ex|iatution  of  tUc  uriiiifcrous  lube, 

but  dial  tho  ttibcv  dilating,  folds  over  the  blood 
rapillarics,  and  »>  rrrcL-ivcs  tliem.      IIowcvi 
that  may  U't  the}'  Ibrm  a  loose  ball  iii  its  it 
tenor,  fastened  to  it  only  by  the  arterial  twij 
and  its  corTcspoiidiiig  and  juxtaposed  vein. 

The  foregoing  description  is  illustrttieil  by 

the  annexed  tigure?.  Fig,  89  being  half  dijip 

gramuialie,  6roiii  Kullikcr.      1,  s  Malpighian 

capsule.  A,  mtU  the  lubulus  urinifcrus,  B,  C. 

springing  from  it ;  a,  membrane  of  MaJpighian 

Ebody,  continuous  at/i  with  the  mcmbmna  pro- 
pria of  convoluted  tnbale;  r,  cpitlicltum  of 
'  Malpighian  corpuscle;  rf,  that  of  tubule;  tf, 

^F_  detached  epithelium;  /",  %*aa  affcrens;  ^,  vai 

A  V  efiexcns :  >%,  glomerulos  Malpighianus :  2,  tlirce 

mu  dtagnn  •#?!p«  itaipieku.  epithelial  cells  from  convoluled  tubule,  magni* 
«rp»cb.  «.r.nw  soodi— ior.,  ^^  35Q  diameters— OHO  wiUi  oU  drops. 

Fig,  90,  Glomerulus,  or  luft  of  blood-vessels  from  the  iuncrmost  port 
of  the  cortex  of  the  kidney  uf  the  hor»e:  o, 
artcria  inicrlobnlaris ;  a/l  vas  aficrcns;  m  91, 
glomf-Tulus ;  ff^  vas  cffcrens ;  b,  divisions  of 
arlcriola  recta  in  the  medullary  substance. 

Fi^.  91  shows  the  ciliated  epithelium  of  the 
urinifuroua  tube  in  the  fiog:  «,  eavily  of  the 
uriniferouB  lube;  b,  its  epithelium;  d',  cilijtted 
jKirtion  thereof ;  ^',  do-  «9.«i, 

tachcd  ciUated  epithelial 
cell;  (?,  basement  mem- 
brane of  tho  tube;  c', 
that  of  the  capsule ;  fn, 
capillaries  of  the  tu^ ; 
U  adjacent  uriniferous 
tube. 

Blr.  Bowman's  expla- 
nation of  the  Malpighi- 
an circulation  Is  rcpro- 
sonted  in  Fig.  92.  a^ 
branch  of  renal  artery ; 
a^  afferent  vessels :  nu, 
m-.  31alpighian  tufls ;  ef^ 
fc4  TO  dkwim       -     «/'  cflcrent  vessels ;  jt^ 
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their  plexus  u[K)n  tbe  uriniferous  tulie ;  ett  Btnught 
tubu ;  <:t,  uoiivolutcJ  tuLc. 

I  um  iudebtoil  to  Dr.  Isaacs  for  tlie  following  in- 
structive figures  and  descriptions  from  Ins  paper  read 
bclbrc  the  Academy  of  Medicine.  ITis  mctliod  of 
cxumiiiation  of  tlio  J'V'"'- 

minutc  mcclianiflm 
of  tlic  kidney,  by 
rendering  «uiaU  [wr- 
tions  of  it  traii»pa- 
rent,  greally  facili- 
tatCB  tht'sc  rcscaruh- 
Dr.  IgaacB*8  in- 

vesti^tions  are  entirely  winfirmatorj'  of 

Mr.  Uowman's  views,  so  fur  as  structure 

tB  concerned.     J^i'ff.  93  is  a  view  oiitaincd 

by  agitatiuK  scrapings  of  the  kidney  of  a  uupictnui  i<ii>.  >iih  uriwrnima  tube 


I  •rifatulshlaii  dim* 

utiM.  es. 


RujiUmd  KiitpUhuii«li«j'Ui«ftMtr,n«ciiiatilttdUauleni 


RBdMM  «rili  an  coil,  MiBlAM  eo  «l«inM«(& 


sheep  (which  liftd  ppo- 
viously  been  injected 
with  clirorae  yellow 
nnd  Hulpliurie  ether)  in 
E  tcst-ttibc  with  water. 
The  (lortion  on  the  left 
shows  the  tut't  alone, 
that  on  the  right  its 
reception  in  the  ttnoif- 
erons  capsule. 

/''iff.  !)4  sliowa  the 
;irtery,  tilled  with  in- 
jection, and  the  Mal- 
pighinn  coil  or  tafi  rap- 
tured in  the  cap.4ulc. 
The  injecte<I  material 
lies  in  broken  ]>orlioiis. 
Fragmeiita  of  the  in- 
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jecfed  vessels  of  the  coil  are  seen  passing  down  the  tube.     From  the 
kidney  of  tlie  deer. 

A  difference  of  opinion  prevails  among  anatomists  as  to  the  existence 
of  nucleated  cells  upon  the  Malpighian  tuft  or  coil  in  the  case  of  the  hi^ier 
animals.  This  question  is  Bnally  settled  by  Dr.  Isaacs  in  the  following 
manner.  An  ethereal  or  watery-colored  solution  is  injected  into  the  ure- 
ter, so  as  to  distend  tlie  tubes,  burst,  and  throw  off  the  capaole.  The 
cells  can  then  be  seen  upon  the  naked  tuft  or  coil.  Fig.  95  shows  the 
Malpighian  body  and  uriniferous  tube  of  the  kidney  of  the  black  bear. 
The  artety  had  been  first  partially  filled  with  injection,  which  had  broken 
the  coil  in  pieces.  The  injection  from  the  ureter  ruptured  the  capsule, 
whicli  is  seen  in  shreds.  Nucleated  cells  arc  seen  on  the  naked  coil  or  toft. 
Ill  the  upper  part  of  tlie  figure,  to  the  left,  is  a  broken  tufV,  on  the  right  t£ 
which  the  ruptured  capsxJc  is  perceived,  and  nucleated  cells  upon  tin 
uncovered  tuft.  In  the  upper  part  of  the  figure,  to  the  right,  are  the 
fragments  of  a  Malpighian  tuft,  with  nucleated  cells  adhering  to  it.  The 
capsule  had  been  torn  off  with  a  fine  needle.  All  the  above  drawings 
were  made  under  the  microscope. 

The  urine  of  man  is  a  clear,  amber-yellow  liquid,  the  average  specific 
The  urine  Us  S**^'*/  °^  whicli  may  be  taken  at  1.020,  ^ving  an  acid  re- 
properties  and  action  when  fii^t  voided,  but  gradually  becoming  alkaline 
*'"*"  '  •*'■  and  turbid.  Its  composition  varies  greatly  with  preceding 
states  of  the  system,  and  tlic  nature  and  quantity  of  the  food.  It 
amoimts,  in  the  course  of  a  day,  to  from  20  to  50  ounces ;  this,  however, 
depending  on  the  quantity  of  water  that  has  been  taken,  and  on  the  ac- 
tivity of  tlie  skin.  Its  solid  ingredients  vary  from  20  to  70  parts  in  1000 
of  the  urine,  the  leading  substances  being  urea,  uric  acid,  lactic  acid,  ves- 
ical mucus,  cpithcUal  debris,  extractive,  and  salts. 

The  urine  of  carnivorous  differs  from  that  of  herbivorous  aniraaU,  the 
latter  being  turbid,  and  having  an  alkaline  reaction;  tliat  of  the  former 
transparent,  pale  yellow,  and  acid. 

From  Winter's  experiments,  it  appears  that  for  every  thousand  parts 
of  his  weight  a  man  discharges  25.9  parts  of  urine  per  diem,  the  max- 
imum being  4{i.8,  the  minimum  14.0.  A  child,  reduced  to  the  same 
standard,  discharges  47.4  parts ;  but  a  cat,  fed  on  a  flesh  diet,  91.036. 
The  quantity  of  water  thus  removed  depends,  to  a  very  great  extent,  on 
the  existing  conditions  of  the  system ;  sometimes  it  is  far  less  than  would 
answer  to  the  amount  that  has  been  taken ;  sometimes,  on  the  contrary, 
more.     The  solid  material  likewise  exhibits  very  great  fluctuations. 

Viewed  as  a  group,  the  constituents  of  the  urine  are  evidently  the  ox- 
(Jri  ■  of  the  '^^'^^'1  residues  of  the  system,  which,  unable,  from  their  not 
other  urine  possessing  the  vaporous  or  gaseous  form,  to  escape  through 
consutuen  .    ^^  liuigs,  are,  fi'Om  their  solubility  in  water,  readily  removed 
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b^  tho  kidneys.     Ttic  urea  and  uric  acid  arc  derived  from  musculjir  de- 

Qiy;  pcrliap:!,  of  the  two,  the  uric  acid  first  oriscfl,  and  is  subsequently 

amverted  into  urea ;  this  is  not,  however,  itR  exclusive  source,  since  the 

qnutiff  of  urea  increases  bj  the  use  of  highly  nitrogentzcd  food.     The 

macufl  anil  epithelial  debris  are  derived  from  the  mucous  membrane  Hn- 

iaglbtj  interior  of  iho  urinary  apparatuti.     Of  the  sftlts,  there  are  two  of 

nuuual  inierest.  the  eulplmtes  and  phosphates,  each  ha>-ing,  like  the 

Bm.  a  double  origin,  the  food  and  tissue  decay.     Leaving  out  of  oonsid- 

mtion  thnc  {uut  whidi  Ua»  been  supplied  by  the  food,  ttc  recognize  in 

tin  mlphftlca  tho  tinnl  disposal  of  that  sulphur  wliich  n-an  once  secreted 

by  tlm  Urer,  an«l  suhwoquently  rcabsorhcd.     In  the  phospliales  we  recogf- 

fiize  liic  bxidatioii  of  the  free  phospliorus  of  the  nervous  couiimtionor 

VNUttduring  their  period  of  acti\'ity.     That  poriiun  of  iho  *'^'- 

•nMcoDStitucnlH  of  till!  urine  wliicli  is  due  to  iiir«iy  or  n-trograde  met- 

mtjibusis  13  shown  when  an  nnimol  is  exclusively  fed  on  sugar. 

Cbmpontiim  i^f  l/rine.    (»ofl  DtrttBm.) 

Wtwr „ 8M.O0 

Urwi « 30.10 

Uric  iwid 1.00 

I,.aFttr  nrifl,  lactate  of  Bmmania,  and  exlnctivs 17.14 

Mucus _ oa.Si 

Euti'halc  of  ixKMh 3.71 

8ul(>hilc  of  Kxla „ 3.16 

I'lvBiAiiworwli 2.M 

&k-])haH|rfi«ia  i>r  ainmunia l.ltS 

CUontlc  iif  amlium ».  4.4£ 

Muriui:  of  ammut)i» IJiO 

FhoBphtttes  of  Unw  luiil  Di>giie»U 1.00 

Bttka „..,•.•«.— „,....».» <M)8 

ioGoIoQ 

1%e  composition 'of  urine  is  not  only  disturbed  by  variations  in  the 
■OiBnl  of  its  normal  ingredients,  but  likewise,  in  morbid  staleg,  by  the 
fTtunce  of  unusual  ones.     Among  tlicMt  may  be  more  particularly 
Wntioned  sugar,  albumen,  Mood,  bile,  pus,  fat.     The  presence  of  such 
■•■onnal  ingiedicnis  is  determined  by  clicmical  tests  or  microscopic  oV 
'"'•tions. 
^noe  the  urinary  apparatus  is  the  sewer  of  the  system,  tables,  like  the 
■,  which  purjiort  to  set  forth  the  composition  of  its  v«Tiai.iHiyrf 
ion,  can  only  bo  recciveil  an  ge-ncral  illustrations.     In  iia  cuiuiiiu. 
"*  Urine  must  occnr  whatever  materials  have  been  gnnor-     **"' 
'^  in  the  complicated  disintegration  of  the  economy,  and  whntcvcr  nBO" 
*"*  mbiitanocs  Iiavc  lound  tbcir  way  in  tlirongh  the  abaorbcnts  by  rea- 
***  of  tbeir  solubility  in  water. 
,    "^^tpccting  the  substances  thus  occurring,  either  normally  or  unusu- 
I    ^»  in  the  urine,  the  followinj^  are  obsen-ations  of  interest : 

X*I)e  quantity  of  urea  excreted  dujivuds  more  upou  the  nature  of  the 
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VBri«iion«iu  ^^^  *'"*"  "1*""  *"J'  *^*'"^^''  condition.  It  rcadiOB  its  maxi- 
ihe  qiuiaut}-  mum  under  »ti  absolute  anhiuii  diet,  «nd  its  miDimum  under 

'^'''  a  noD<nitrogcnizcd  one.     It  still  uppcars  during  fasting,  and 

about  to  tho  tuinic  extent  as  during  a  non-nitrogen izod  diet.  Its  sootces, 
therefore,  arc  |Mtrtly  the  waste  of  the  tiitsucR  anil  partly  the  food. 

By  several  observers,  urea  has  been  detected  in  the  blood  under  ordi- 
nary circumalaiiccs.  Afler  extirpation  of  tlie  kidneys  it  has  Ijccn  re- 
peatedly recogni/cd  in  that  of  the  lower  aniniuU,  It  i<t  removed  with 
such  rapidity  by  the  kidneys  that  its  quantity  la  probably  never  per- 
mitted to  exceed  a  Htlicth  of  one  per  cent,  of  the  circulating  blood.  Its 
origin  lias  generally  been  uttributcd  to  llie  waste  of  muscular  tissue, 
thuugli  it  has  not  yet  bwn  delected  in  nuisclp  juice;  but  then  it  should 
be  remembered  that  creatine  and  inosic  acid  may  produce  it  during  their 
descending  metamorphosis.  Under  tbis  view,  titc  seat  of  its  production 
would  be  the  blood  itself,  a  conclusion  which  is  enforced  by  the  circum- 
stance that  cafleinc  alito  increases  iti;  amount. 

In  his  inaugural  dissertation,  entitled,  "  Is  musculai-  Motion  the  Caon 
Origin  of  tbo  of  the  Production  of  Urea?"  Dr.  John  C.  Draper,  by  experi- 
"**■  ments  on  the  urine  of  persons  in  diOvreut  conditions  of  motion 

and  rest,  and  by  an  exuinination  of  the  diurnal  and  nocturnal  variations 
in  the  amount  of  urea  voided,  compared  with  on  invariable  standard. 
^ves  reasons  for  concluding  that  the  dilfercnccs  in  the  amount  of  urea 
excreted  arc  almost  entirely  attributable  to  the  influence  of  the  food,  an 
individual  in  such  a  state  of  comparative  rest  as  is  observed  during  li-cat- 
mc]it  for  a  fractured  leg  not  excreting  by  any  means  so  much  less  urea 
as  might  have  Iwcn  anticipated  when  compared  with  another  itidividual 
who  walked  thirteen  miles  at  the  rate  of  four  and  a  half  miles  an  hour. 

Hut,  on  examining  the  influence  of  food,  it  apjiearfe  to  be  well  marked. 
The  grcrntcst  amount  of  urea  it:  excreted  within  a  few  hours  nflcr  dinner. 
Another  maximum  also  occurs  just  after  breakfast ;  but  during  the  eight 
night  hours  far  less  is  excreted  than  daring  the  same  period  in  the  aft- 
ernoon. 

The  ingestion  of  food  thus  exercising  so  rapid  and  marked  an  infln- 
emoe  on  the  quantity  of  nrea,  he  refers  to  it  as  the  cause  of  the  increased 
excretion  of  that  substance  during  the  course  of  the  day  rather  than  to 
the  increased  motion  of  e.\creise  then  indulged  in:  and  iu  view  of  this 
conclusion,  it  becomes  probable  that  the  nitrogen  of  the  wasting  muscu- 
lar tissues  escapes,  not  under  the  form  of  urea  through  the  kidneys,  but 
through  the  skin,  or  perhaps  even  as  free  nitrogen  from  the  lungs. 

Of  the  variations  of  the  sulphaias,  it  may  lie  observed  that  the  aver- 
V«ri»tioiw  of  J^gc  diurnal  excretion  of  Hulphuric  acid  per  thousand  parts  of 
ibn  MiitJiuics.  man  being  O.OiiO  of  a  part,  an  increase  is  observed  during  di- 
gestion, a  dimiimtion  occurring  during  the  night,  the  minimum  being 
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mcbed  in  tlic  forenoon.     Kxcrcisc  to  a  moderate  degree  docs  not  Bvjcm 

(0  iafltienei!  iU  though  tliat  ol'  a  more  vioietit  kind,  and  also  mental  ex- 

OlenMnt,  do.      Footing  for  one  day  does  not  diminish  it.     Copious 

inhi  ot'  water  increase  il,  but  it  antiipquently  declines.     The  ndmtn- 

utnlion  of  sulphur,  and  of  the  sul|)hatcs  of  polninh,  soda,  and  mugnCKia, 

dioincTVasea  it,  flic  latter  salts  facing  removed  from  the  ttystem  through 

(be  tiJncya. 

Tlio  quantity  of  exlraclive  matter  excreted  by  children  is  ranch  more 

ibu  tlut  excreted  by  adults.  wlit;n  eatiniated.  ns  all  Bueli  ^       ,      , 
,  .  11,,-  ,      QuwUiyofox- 

nbecrTBtioiiA  ought  to  be,  hy  reduction  to  a  common  stand-  uMiive  la 
tfd.    Thus  Soberer  found  that  for  every  thousand  parts  of   """'"' 
wiglit  a  child  excreted  0.34()  of  a  part  of  extractive  jwr  diem,  but  an 
dull,  for  each  Ihoiiiutnd  parta  of  wejglit,  excreted  0.  Ififi  of  a  part,  which 
ilkM  than' half  a»  mueh. 

The  qaantily  of  chlorine  in  the  urine,  as  chlorides  of  Bodium  and  p<^ 
tuntUD,  itndei;gocs  many  variations.  Hegar  shows  that  it  v«ri«tioMi 
il  It  a  nia.Timum  in  the  afti^moon,  ul  a  niitiimuui  in  the  ilip  rhIorUa  of 
niglit,  and  rising  toward  morning.  Us  quantity  u  increased  "™' 
rta  taking  water,  and  then  diminishes.  Slusculor  exercise  also  in- 
aem  iU  It  i»  interesting  to  remark  that,  in  inflammatory  conditions 
tmnpairicd  by  cupiouK  exudations,  the  cliloridc^  in  Ihc  urino  arc  so 
mdi  diminished  that  that  accretion  in  its  tresh  state  will  yield  no  pre- 
i^itale  with  nitrate  of  silver.  In  80  cases  of  pneumonia  observed  br 
Rdtenbacher,  tlic  addificd  urine  did  not  liecome  turbid  with  nitrate  of 
■hrcr,  but  as  the  inflammatory  action  subsided  the  dilvridcR  reappeared. 

Of  OKdicsmcnly  and  other  unusual  substances  introduced  into  tlui  or- 
nium,  those  irhich  arc  soluble  in  water,  and  have  little  »  ^ 
aDit}r  for  the  constituent  matters  of  the  body,  arc  removed  nat  mU*  la 
i»tt»  tirinc-  In  this  !t«t  arc  found  a  great  number  of  salts  "  '^"'*' 
■Well  CBCopc  in  thi3  manner  without  undergoing  any  change  ;  such,  for 
*Bnfilc  a*  carbonate  of  potash,  nitrate  of  polasb,  bromide  of  sodium. 
Other  mtstances  undergo  change  previously  to  their  elimination,  as,  for 
VMace,  the  alkaline  solpliidcs,  which  become  oxidized,  and  arc  then 
^AiUv  removed  a^  alkaline  sulphates.  Dr.  Bcncc  Jones  has  satistactoh- 
'T>}i(>wn  that,  when  ammonia  is  taken,  il  is  removed  as  nitric  acid  in  the 
*linb  Under  the  sdmini.stration  of  the  neutral  alkaline  salts  of  vcgetS' 
*■  iddt,  alkaline  carbonates  in  excess  appear,  owing  to  the  oxidation 
« tlidr  acid  in  the  blood.  Tliat  this  is  the  true  seat  of  tlio  oxidation, 
•*»  tliiit  it  takes  place  with  great  rapidity,  is  demonstrated  by  the  in- 
i^fwin  of  such  salts  into  the  jugular  vein,  which  very  soon  arc  found  aji 
^"Wtutea  iu  the  urine. 

"'hcD  oxalate  of  lime  is  introduced  into  the  stomach,  it  does  not  make 
'"^peaauice  in  the  urine,  perhaps  because  of  its  iusolubility  present- 
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iiig  a  difficulty  to  its  absorption.  In  the  case  of  some  animals  it  ocean 
Production  (rf  naturally  in  the  excrement  When,  in  man,  it  is  founding 
dfiiturbed'reft.''  urine,  its  Occurrence  may  be  often  traced  to  a  distnrbanoe 
pirfttion.  of  the  respiratory  function,  or  to  abnormal  metamorphoais 

occurring  in  the  blood.  Under  such  circumstances  it  presents  itself  in 
convalescence  from  typhus.  That  it  can  arise  from  such  metamorphosii 
is  proved  by  the  circumstance  that  it  is  found  in  the  urine  after  the  in- 
jection of  urates  into  the  veins.  When  the  kidneys  act  vicariously  fiv 
the  lungs,  there  thus  appeara  to  be  a  tendency  to  the  removal  of  carbon 
.under  the  form  of  oxalic  instead  of  carbonic  acid. 

Hippuric  acid  may  arise  in  the  organism  from  the  metamorphosis  of 
Occarrence  t^  benzoic  and  cinnamic  acids,  the  administration  (rf*  these  sab- 
hippnric  add.  gtanccs  being  followed  by  its  excretion  in  the  urine.  If  any 
thing  was  necessary  to  prove  tliat  the  seat  of  its  origin  is  the  blood,  its 
discovery  therein,  in  the  case  of  the  ox,  by  VerdeU  and  Dollfass  would 
be  sufficient.  Its  general  occarrence  in  the  urine  of  graminivorous  ani- 
mals, and  its  absence  in  that  of  the  camivora,  indicate  that  its  normal 
production  is  connected  with  the  nature  of  the  food.  However,  anumg 
some  of  the  lower  animals  it  is  still  excreted  while  they  are  in  a  state  of 
starvation,  and  it  has  been  recognized  in  the  urine  of  diabetic  patients 
under  a  strict  animal  diet 

After  the  injection  of  alkaline  lactates  into  the  jugular,  the  urine  be- 
Disappeanacc  comcs  alkaline  in  the  course  of  a  quarter  of  an  hour.  If 
utes  from  tbe  ^^^X  ^^^'^  ^'^^^  taken  into  the  stomach,  in  about  double  that 
Mood.  time.     The  passage  of  other  salts  is  sometimes  even  more 

rapid ;  thus  the  ferrocyanide  of  potassium  has  been  detected  in  the  urine 
in  less  tlian  two  minutes. 

The  excess  of  protein  bodies  absorbed  from  the  digestive  canal,  and 
ExwM  of  pro-  unnecessary  for  the  repair  of  tlie  system,  is  removed  as  urea 
uin  bodiea  ro-  and  uric  acid ;  and,  in  like  manner,  the  sulphur  and  phoa- 
""'^'^  ■  phorus  introduced  by  those  bodies  are,  after  oxidation,  dis- 

charged as  sulphates  and  phosphates.  Under  the  use  of  a  strictly  ani- 
mal diet,  the  urine  resembles  tliat  of  carnivorous  animals  in  color,  acid 
reaction,  and  freedom  from  lactic  and  hippuric  acids. 
DinapTieorancc  '^''^  pl'ospliatc  of  lime  oftcn  almost  totally  disappears 
of  phosphate  of  during  pregnancy,  and  fractures  unite  at  that  period  with 
"""■  difficulty. 

Many  circumstances  regulate  the  length  of  time  that  extraneous  sub- 
Period  that  ex-  stances  will  remain  in  the  system  ;  thus  it  sometimes  occurs 
tranoous  sub-    (ii^t,  after  the  administration  of  alkaline  salts  of  organic  acids, 

stances  may  re-     ,,.,..-,  .  -.,    ,■  •        , 

main  in  the  the  aikahiiity  01  the  urine  will  disappear  in  the  course  oi- 
•yntem.  jj^jf  ^  ^^j^  wlule  on  Other  occasions  it  will  continue  for  sev- 

eral days.     The  period  also  varies  very  much  with  dificrent  individuals. 
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WIm  tlic  HnlistancQ  administered  in  of  Aitch  a  chemical  Tiatnre  that  it 
on  nnilc  with  any  tLssue,  it  may  remain  in  the  system  lor  a  vcn-  long 
timt. 

11k  anatomical  construction  of  the  JEalpighijin  hodiea  has  ted  phyu- 
(di^ls  lu  infer  that  there  are  two  distinct  stages  in  the  sc-  iitmer  oti^ 
mtton  of  urine.  These  iiave  already  been  pointed  out  in  Jin^^laJto  br 
difi  remark  that  the  Malpigliian  bodiea  8eparate  water  from  liiiraUon. 
tlie  blood,  but  tiiat  the.  solid  ingredients  ore  Bcerctcd  from  that  delicate 
plena  of  veaoclH  which  rovers  the  walls  of  the  urinar)'  tnbcs.  Iteforc 
a(vt{iting  this  opinion,  we  may,  however,  obscn-c,  that  tlie  chief  solid  con- 
BiiciK-iiis  of  the  urine,  as  urea,  uric  acid,  sulplmtcB,  and  phoapliates,  pre- 
txiit  in  ihc  blood,  and  arc  all  soluble  in  water.  It  is  not  to  W  supposed 
liut  iIm;  water  which  ookcs  through  the  dcll<^tc  walls  of  tlte  Malpiglnan 
tuftt  should  leave  such  subatanct-j^  behind  it.  Tliat  llie  losa  of  water 
JOiully  lok*^  plw^  ill  the  luft  circulation  apjicars  to  W  proved  by  the 
6ct  that  tho  vcBsul  emerging  from  the  tuft  is  less  llian  the  one  entering 
it;  the  volume  of  blood  is  Icsa  by  the  anionnt  of  abstracted  water. 

We  uiust,  moreovcj-,  take  care  that  wc  arc  not  deeclved  by  a  name. 
The  TCBscI  emerging  from  the  tufts  may  bo  conveniently  _  . . 

tnoo^  called  a  vhi,  but  is  there  any  proof  that  sucli  is  its  quaiiij-  nut*- 
phjwological  attitude  ?  There  is  no  wason  to  believe  that  "' '"  ''"'  *""*" 
the  blood  has  lost  its  arterial  character  wtiile  it  has  been  in  tlic  tuft.  At 
the  most,  it  can  only  have  lo.it  tlie  elements  of  urine.  It  is  not  until  it 
U  ciiiitribiitcd  in  the  plexus  on  the  walls  of  the  uriniferous  tubes  that  it 
R«Ily  gains  the  venous  character,  and  tlien  through  nourishing  those  ves- 
■ela,  nnd  particularly  the  cells  of  their  interior. 

These  considerations  tiirreforc  lead  me  to  the  suggestion  that  the  inor^ 

pmic  bodies,  as  urea,  uric  acid,  sulpliatoH,  and  pliosiphates,  which  may  all 

be  r^arded  oa  products  of  fmal  oxidation,  pass  out  witli  the  water  in 

which  Ihey  are  dissolved  wliile  tlie  blood  is  yet  circulating  iu  the  lEal- 

t"^iiui  (ult     The  toss  of  velocity  in  the  current  by  the  arterial  twig 

^miking  up  into  so  many  vessels  must,  as  I^lr.  Bowman  states,  greatly 

{^vorthis  transudation,  as  dof»  also  the  prcssurG  tliat  must  arise  from  the 

^>Wl  having  to  pass  tlirough  a  narrow  clianncl  of  ejtit,  and  still  more 

^«gh  another  capillary  system  just  beyond.     It  was  arterial  blood  that 

"Blocrl  tke  lull,  ami  it  is  arterial  blood  ibat  emerges,  to  be  then  directed 

■^"00  tin  walls  of  the  uriniferous  tulx^ 

And  now  the  question  may  arise.  What  is  the  object  of  this  second  cap- 
^■Jcirtnilation?  Though  the  statement  is  often  made  that  Tbvccll>i». 
|fe  coiBtituents  of  the  urine  aiv  liio  results  of  oxidation,  it  J^.'X**' 
*  '•By  br  from  being  atriclly  trae.  The  analysis  of  urine  »i*iiom. 
'"*■  that  a  vary  largi?  proportion  of  them,  claiwed  as  extractive,  are  real- 
ly comhniiible  bodies,  and  not  far  advanced  in  tbcir  retrograde  metn- 
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morphosis.  They  retain  still,  as  it  were,  the  traces  of  organization; 
they  belong  rather  to  the  hydrocarbon  family  than  to  the  nitrogenixed. 
Ft  may  be  that,  for  the  removal  of  these,  cell  action  is  necessary. 

Wliatever  importance  may  be  attached  to  such  a  suggestion,  it  is  Teij 
Modporn-mov-  clcar  that,  notwithstanding  the  extreme  tbinnesB  of  the  walls 
frLm  'thJTlt  °^  *^'*'  *"*"'  vessels,  the  relaxation  in  the  speed  of  the  blood 
pighinn  mc.  currcnt  through  them,  and  the  pressure  brought  to  bear  upoa 
them,  that  water  could  not  be  sejmrated  by  oozing  through  them  nnless 
there  was  an  additional  provision.  The  sac  into  which  the  exudation  is 
to  take  place  is  already  full,  and  it  may  be  questioned  whether  ciliary  mo- 
tion in  the  uriniferous  tubes  would  exert  a  sufficient  exhaustion  to  relieve 
tlie  interior  of  the  capsule  from  pressure;  but  the  introduction  of  a  liquid 
of  a  different  nature  into  the  uriniferous  tube  may  call  at  once  into  oper* 
ation  the  principle  described  at  page  131  as  acting  in  the  capillary  drcn- 
lation  of  the  blood,  and  thus  the  contents  of  the  Malpighian  sac  are  drawii 
forward  into  the  uriniferous  tube,  just  in  the  same  manner  that  water  ii 
drawn  from  the  inside  of  a  bladder  through  the  pores  thereof  by  alcolud 
on  the  outside. 

THE  MAMMARY  GLANDS. 

The  mammary  glands  are  situated  on  various  portions  of  the  abdom- 

r,  .  ,.  ,  inal  and  thoracic  surfaces  of  animals  of  the  class  mammalia 
Descriplion  of 

tho  m&iutiiiiry  In  the  higher  memberi^  of  this  class  they  present  the  appear- 
^  "°  ■  anee  of  racemose  glands,  rudimentary  in  the  males,  but  well 

developed  in  the  adult  females,  esjiccially  after  parturition.  They  sepn- 
ate  from  the  blood  the  white  secretion,  milk. 

In  the  oriiithorynchus  the  mammary  gland  consists  of  an  obtuse  cone 
of  coecai  follicles,  ending  upon  an  areolar  surface.  There  is  no  nipplfc 
The  milk  is  expelled,  both  in  these  and  tlic  marsupials,  by  direct  mus- 
cular i)re3sure.  In  cetaceans  the  nipple  is  included  in  a  cleft  of  the  in- 
Ibt  cvmpara-  to^imcnt,  but  iu  tltc  higher  mammalia  it  projects,  so  that,  be- 
tivc  aiiutonty.  jj^g  received  into  the  mouth  of  the  young,  and  suction  being 
made,  the  pressure  of  the  air  takes  effect  upon  the  surface  of  the  gland 
and  expels  the  mtlk. 

In  different  cases  the  number  of  mammae  differs.  In  the  human  spe- 
cies there  are  but  two,  placed  upon  the  thoracic  surface,  and  from  their 
position  favoring  the  cnrc  and  nursing  of  the  child.  Among  other  ani- 
mals the  number  seems  to  have  a  relation  to  the  number  of  young  brought 
forth  at  a  birth,  there  usually  being  a  pair  for  each  one.  Slany  excep- 
tions to  this  rule,  however,  occur. 

The  mammary  gland  corresponds  in  anatomical  structure  to  the  paro- 
tid and  pancreas.     It  consists  of  15  or  20  lobes,  each  from  J 
to  1  inch  in  width;  tliese  are  composed  of  lobules,  and  these, 
again,  of  coecal  vesicles.     The  excretory  ducts  are  lined  with  tesselated 
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upithelium.     l*he  ductii  coaverge  toward  the  nipple,  opening  upon  it  by 
10  or  15  aperlares,  and  in  thctr  course  dilating  into  Binpullu?,  of  amail 
'^cspocit)'  ill  women,  bnt  in  the  cow  cajuiblu  of  holding  a  quart. 

fttbW.  Aa  nc^ards   its   development,  the  mamroaty 

gland  originates  in  the  fourth  or  tiftli  j,,  ,i„„iop. 
month  as  a  papillnry  projection  of  the  •"«>'• 
mucous  layer  of  tlic  epidermis,  as  shown  in  J^i^, 
96,  in  wlitcii  1  is  the  rudiraeiitiiry  gland  in  the 
male  einbr}'o  of  five  tuunllis,  a  being  the  horny, 
dt  mucona  layer  of  the  epidermis;  c^  proocHS  of 
(he  hitter,  the  nuiinient  of  the  ghiiid ;  d-,  fibrous 
mcnihrane  round  it.  At  2  \a  the  lacteal  gland 
of  a  female  embryo  of  seven  months,  seen  from 
alwvc:  a,  ccnind  substance  of  the  gland:  A,  c, 
budding  outgrpwths,  the  rudiments  of  the  gland 
lobes.     (Koliiker.) 

J''!ff.  97,  vertical  section  of  the  human  mam- 
mary gUnd:  0,11,  its  pectoral  surface;  ft,  A,  skin  on  surfncc  ofthe  gland; 
£;  skill  of  nipple ;  cf,  lobules  and  lobes  of  gland :  c,  lac- 
tilerouH  tubea  jMissing  from  the  lobules  to  ihc  nipple. 

As  pregnancy  advances,  tlio  ceils  of  tlie  gland  begin 
to  contain  fat,  in  a  manner  not  unlike  that  which  is  re- 
marked in  the  ceJIa  of  tlie  sebaceous  follicles  of  tiie  skin. 
When  the  gland  l)Ocomc3  active  after  parturition,  it  is 
staled  that  the  tirst-fornied  milk-cells  break  up  in  the 
lactiferous  dticts  into  milk  globules,  their  membrane  and 
nucleus  disappearing.     The  milk  globules  arc  minute 
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parlicle.'i!,  varying  in  their  diameter  from  tlie 
^*^  ^^  TshiTV  °^  *^  ""^^     They  con- 
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aist  of  oily  nialerial  imdoscd  in  an  envelope,  as  is  shown  by  the  fact  that, 
though  ihcy  will  resist  for  a  short  liitic  the  action  of  sulpliuric  eilier, 
Fig-K.  they  are  finally  dissolved  by  llmt  subKtancc.     He- 

sides  these  milk  globules^  there  arc  other  exctMnl- 
ingly  minute  fat  jiarticlca  present.  The  milk 
whicli  is  first  secreted  after  delivery  contains  cor^ 
pf-^.l  pufldcK  of  considerable  siw),  and  of  a  gi-antdatcd 
appeaxiuicu,  as  seen  in  the  pbotogruph,  J^it/.  98. 
They  are  called  colostrum  corpuscles. 
They  are  soluble  in  ether,  and  therefore 
uith  rtib  roioMni  mrruHM.  contain  fat.  There  is  reason  to  suppose  that  all 
the  &t  globolcs  of  the  milk  arc  inclosed  in  cyal-Hkc  pcUicles  ofeaseiD. 

In  the  chapter  on  food  {Chapter  II.),  a  general  description  of  the  char- 
acter and  constitution  of  milk  has  been  given,  together  with  its  physio- 
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.pMper^wof  logical  relations  in  nutrition.     It  nuy  now  be  added  that  freeh 
'^^  milk  presents  an  alkaline  reaction,  which  cffliliniKS  longer  in 

xc  milk  of  women  than  in  that  of  cows.     Left  to  itself,  and  the  more 

'quickly  the  wiirnier  the  air,  milk  turns  sour  through  the  production  of 
lactic  acid,  ilie  casein  undergoing  ooagulation.  That  the  oil  globules  jui*i 
spoken  of  arc  coated  with  a  film  of  a  coogolated  [irotcin  body  aji]»can> 
trom  the  circumstance  that  it  may  be  diaBolved  by  acetic  acid,  and  Ulc  in- 
claded  butler  is  then  act  free. 

One  of  the  simplest  methods  for  the  analysis  of  milk  con!ii.«ta  in 
AiMJyriiof  nlatiiig  it  at  a  temperature  of  212^  with  pulvcrixcd  gypsum? 
»Uk.  tijg  mass,  being  then  evaporated  to  dryness,  i»  pulveriite*!,  the 

butter  being  extracted  by  ethej-,  and  the  sugar  and  soluble  salts  by  hot 
alcohol.  The  amount  of  the  soluble  salts  thus  obtained  may  be  detenn* 
iiied  by  incineration  ;  and  sincb  their  amount  is  to  that  of  the  iusolublo 
salts  afl  5  to  7,  an  approximate  determination  of  tlie  latter  may  be  made, 
and  thereby  the  weight  of  tlie  sugar  and  casein  corrected.  Tliis  is  the 
method  of  Haidlen. 

It  would  a]j|H'jir,  from  examinations  that  have  beer  made  of  the  swre- 
.       lion  of  the  mammary  gland  previous  to  parturition,  that  it 

^iwtnun  •ihI  contains  nibumcn  in  the  place  of  casein,  the  casein  gradually 
*  appearing  as  the  ijcriod  of  jMutnrition  approaches,  but  not 

reaching  its  maximum  until  a  few  days  af^er  that  event.  Colostral  milk 
ditlcrs  essentially  from  the  subi^equeiit  ordiuary  uccivlion,  aa  tlie  follow- 
ing tabic  shows: 

OHUtiluHm  ^  Cfa&iFtrwn  tuuf  Mft.     {htom  SimM.) 


Wiler ,... 

¥u 

(2uein i 

Bngnr  nrmilk....,, ,.., 


Va.aKtTTjlti. 


?2».M 

AU.UO 

40.40 

TO.0O 

AM 

8.80 

1000.00' 


aiik. 


89;.«0 

Z&.SO 

8t.30 

48.30 

2.W 

8.W) 

]OO0.AO 


The  specimens  here  presented  were  obtained  from  the  same  individual: 
and  from  the  table  it  apjjears  tliat  the  colostrum  contains  a  much  larger 
proportion  of  solid  material  than  the  milk.  The  quantity  of  fat  is  near- 
ly double ;  the  quaniily  of  suj^'iir  is  likewise  much  greater,  but  tlie  rela- 
tive quantity  of  casein  is  leas,  this  ^etng  in  accordance  with  the  atatc- 
nicnt  that  the  production  of  that  substance  approaclics  gmdually  to  a 
maximum  which  is  not  attained  till  a  tew  days  after  parturition. 

The  composition  ot'  milk  vaiies  with  many  circumstances.     Thua, 

[ V«ri*biiii7  In    among  cows,  it  is  well  known  that  there  are  certain  brttsda 

|t«i»ropo»iii<ni.   „|,ielj  yiyld  a  milk  in  which  butter  predominates ;  in  others. 

a  milk  in  whicJi  there  is  an  excess  of  casein.     It  is  in  reference  (o  this 

that  sucli  are,  among  agricultural  people,  often  dceciihed  as  good  butter 
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cows,  or  good  clieesc  cows,  as  tlie  case  may  be.  Sach  variations  an; 
likewise  ofi4-ii  {Kipularly  referred  to  {leculmritiea  iti  the  color  of  lliese  oiii- 
mala  ;  and,  iiidecil,  llu'ro  is  a  gt^ncnil  iiiijircssioii  of  tlto  same  kind  as  ro- 
Bpects  the  mUk  of  women,  that  that  of  fair  women  is  inferior  to  that  of 
bmncttes.  L'Hrriticr,  who  has  cTominod  into  this  matter,  ftclccted  two 
fcmalcfl  of  the  same  age,  22  years,  and  causcil  ihcm  lo  adopt  ihc  Mtmc 
diet  and  the  same  mode  of  life  The  one  waa  a  blonde,  the  uther  a  bru- 
nette.    The  following  tablo  exhibitti  thu  most  marked  of  his  rcsoltA: 


JfiS-  ^  Wimm  ^dijhvit  Tempfntnmlf.     (Fntm  I.'Urritier.) 
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The  average  of  the  varioua  analyses  he  made  shows  the  same  general  rw- 
stiltt  though  not  HO  8trikiiigly,  the  nnmber  being  for  the  solid  comttilu- 
enta,  in  tlie  caw;  of  tlie  blonde,  120,  and  for  that  of  the  brunette,  134. 

As  would  be  cxpc«t«l,  tliu  cotistitutioii  of  the  milk  varies  greatly  with 
the  diet.  Simon  found  that  in  the  case  of  a  very  poor  woman,  jnjiBoncc  o* 
who  Imd  hwin  almost  deprived  of  the  nccea&arics  of  life,  tlio  *"**">  ""'i^ 
quantity  of  solid  material  was  only  8. 6  per  cent  On  giving  her  a  nutri- 
tious meal  diet  it  rose  to  11-9  per  cent.  Being  again  reduced,  by  ci:^ 
cumstancos,  to  the  utmost  destitution,  the  solid  residue  sank  to  0.8  per 
oeol. ;  and  on  once  more  being  supplied  willi  a  milritious  meat  diet,  tbt' 
peroeatago  rose  to  12,6.  These  results  illustrate  in  a  stiiking  manner. 
as  will  be  presently  seen,  the  function  of  the  mammary  gland.  Simon 
also  found,  in  tliis  iiarticulur  eatie,  that  the  relative  (juantities  of  casein 
and  sugar  do  not  greatly  vary  with  these  extreme  dietary  variations,  bnt 
that  the  absolutr'  quantity  of  butter  does.  On  the  two  occa-  ^^.  .  .  . 
."ions  of  starvation,  it  was  as  low  as  8  parts  in  1000  of  milk,  cwritt  and  at 
«nd  on  the  two  of  fall  nutritious  diet,  it  raw  to  34  and  37  ''«'"•""■■ 
respectively.  From  this  it  seems  to  follow  that  while  the  amount  of 
butter  in  milk  is  determined  by  tlic  quantity  and  quality  of  the  food,  the 
lUnountB  of  casein  and  sugar  are,  to  a  considerable  degree,  independent 
thereoC  and  hejicc  I  believe  their  origin  is  to  be  attributed  to  chnn«eaJ 
taking  pWx:  in  the  systnm,  and  tliat  tlicac  substances  arc  more  immedi- 
ately fumiflhed  from  mctamoq)host'-a  cif  its  stmctures. 

The  casein  and  the  sugar  are  K'ciprocjdly  related  to  each  other,  the 
quantity  of  casein  steadily  increasing  from  the  time  of  par-  Rci,ii„  qiuii- 
lurition  until  a  tixpd  proportion  is  attained.     At  parturition  tity  <.r  cmcii. 
the  quantity  of  sugar  is  at  its  maximum,  a  gradual  decline  ""   "•*"■ 
then  occurring  until  its  pro|)ortiou  likewise  becomes  nearly  constant- 
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Saline  snbstances  adminiatered  by  the  stomach  or  recttim  do  not  al- 
Extnneous  ways  appear  in  the  milk ;  thus  the  fenocTanide  of  potassi- 
Bsita  io  milk,  ^n,^  which  may  be  quickly  detected  in  the  uriDe,  can  not  be 
fonnd  in  the  milk.  It  is  curioos,  that  when  iodide  of  potassium  has  been 
administered  to  the  mother,  in  doses,  for  example,  of  three  grains  thxice 
a  day,  it  can  be  readily  detected  in  the  urine  of  the  in&nt  by  the  usual 
test  of  starch  and  nitric  acid. 

The  diTimal  quantity  of  milk  yielded  by  the  hnman  female  has  been 
Dinraai  qnan-  estimated  at  from  32  to  64  ounces.  This  estimate  is  made 
tityofroiik.  by  determining  the  weight  of  the  infant  before  and  after  suck- 
ling. Although  a  certain  proportion  is  present  in  the  gland,  the  secre- 
tion appears  to  take  place  for  the  most  part  with  great  rapidity.  On  the 
application  of  the  infant  the  blood  flows  suddenly,  and  the  milk  poors 
into  the  ducts,  constituting  what  is  termed  the  draft. 

We  now  enter  on  a  consideration  of  the  function  of  the  mammary 
Mode  of  action  K^"^  ^^  *  ^^^  ^^  determining  whether  it  acts  in  virtue 
ofthemuomfr-  of  its  special  construction,  whether  it  fabricates  in  itself^  by 
'^  ^  the  agency  of  cells,  the  proximate  constituents  of  milk,  or 

whether  it  merely  strains  them  from  the  blood  in  which  they  pre-exist. 

Due  weight  should  here  be  given  to  the  &ct  that,  unlike  the  excretions 
of  the  lungs,  the  kidneys,  or  even  the  liver,  the  milk  contains  a  very  laigc 
percent!^  of  histogenetic  or  formative  bodies.  Its  casein  can  not  be 
considered  as  in  the  career  of  retrograde  transformation,  since  in  the  body 
of  the  in&nt  it  is  presently  changed  into  albumen.  Such  a  fact  might 
even  lead  us  to  suspect  that  we  should  detect  some  essential  structural 
and  functional  differences  between  the  mammae  and  other  glands. 

The  influence  of  special  structure  is,  however,  disposed  of  by  the  nu- 
[nfluence  of  "^^rous  well-authenticated  cases  now  on  record,  in  which  poi^ 
special  atruo-  tions  of  thc  skin,  or  the  stomach,  the  navel,  intestines,  the  ax- 
illa, and  glands  in  the  groin  have  assumed  a  vicarious  action, 
and  secreted  milk ;  and  though  it  has  been  said  of  the  latter  instance  that 
it  may  be  nothing  more  than  an  obscure  manifestation  of  an  attempt  in 
the  hnman  species  at  a  repetition  of  the  mammary  gland  in  a  region  near 
which  it  is  normally  present  in  thc  lower  mammals,  sucli  a  remark  has 
no  application  in  the  other  cases.  We  may  therefore  infer  that  the  proxi- 
mate constituents  of  the  milk  are  not  manufactured  by  reason  of  any 
special  structure  of  the  gland  which  secretes  them,  since  other  structures 
can  assume  a  vicarious  action. 

This  therefore  narrows  our  inquiry  down  to  the  point.  Does  the  mam- 
mary gland  merely  filter  off  from  the  blood  substances  already  existing 
in  it,  or,  those  substances  not  so  pre-existing,  are  they  made  in  this  or- 
gan by  cells  ? 

Of  tlie  proximate  elements  of  milk,  many,  such  as  the  entire  group 
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of  its  salts,  ore  acknowledged  on  alJ  hands  to  |»e-exi8t  in  tlie  ,j^  ^j,  ^f 
Uood;  and  these,  cotitttitutiiig  alKiut  -^  of  its  solid  ingredi-  mflk  oxict  in 
6llt8,  diuhL  Ik:  admiltcd  to  pasu  into  the  tM-iTOtion  hv  Ktraiiiago  ° 
only.  Of  the  other  solid  iiignxlienls,  the  (ut,  wbitih  cunsUlutcs  about  Que 
fourth,  also  exists  in  the  blood,  being  derived  hy  lacteal  ahsorptlort  from 
the  food. 

Do  milk-girin;;;  aniniul.i,  then,  find  in  their  ordinaij  diet  a  snfHcJenT 
quantity  of  oleaginous  niftlerial  to  giipply  tlie  ^Irain  establish-  j^^  hva«K»r- 
ed  throiigh  the  mitmiuary  ghuid,  and  the  caloritacient  do-  Jwn*  pn-tKiMt 
mand,  supposing  nono  to  be  made  iu  the  syatvmt  The  re- 
aearchc-s  of  Dunrnti  have  definitely  settled  this  question.  Of  these  the 
IbUowing  is  on  nbridgiueat : 

fat  M  Articia  ^  Fvta^ 

Indiiin  com $.;.>  porceaL 

RIw - 1.00  "  " 

Oms ».,.„,. ..»,.w. ,._„,...  S^O  '■  ** 

R»« , „ 1.75  •'  " 

Wli«ai 2.10  ■'  " 

Ihy  Iiflv a.00  "  - 

Clover  in  Sower » »....  4.00  »  " 

"tt^leaKlt^aw ■,-^,^,..-, 8.!M  "  " 

Oat  Btniw S.IO  **  " 

Bvetroot „ 0.03  "  " 

I'obUoe^ p. 0.08  "  " 

A  oaw  in  good  conrlitiuii,  eating  100  pounds  of  dry  hay,  will  fimuBh  21 
quarts  of  milk,  from  which  there  can  be  obtained  I  j  ])Ounds  QuAniiiToffaL 
of  butter.  If  this  butter  was  obtained  exclusively  from  the  'nfo«B«- 
food,  and  none  made  in  the  aystem,  wc  ought  to  <ind  in  the  100  pounds 
of  dry  bay  1  \  ponnd.q  of  fatty  matter ;  but  sulphuric  ether  can  remove 
from  such  hay  2  pound^  and  in  several  specimens  of  clover  cut  in  flow- 
er, ]kL  Boussingault  found  the  proportion,  as  high  as  4  [>er  cent  We 
may  therefore  allirm,  relying  on  the  universal  experience  of  farmers,  that 
the  imy  eaten  by  a  milch  cow  contains  more  tut  matter  than  the  milk 
which  she  yields.  Tints  far,  tliercforc,  we  are  not  authorized  to  regard 
the  animal  as  capable  of  [iroducing  tlie  butter  found  in  its  milk,  but,  on 
the  oontnry,  wo  may  be  led  to  mippoee  that  the  whole  of  it  is  taken 
from  the  food. 

In  fl  physiological  point  of  view,  a  single  experiment  of  tliis  kind  is 
insufficiciit.  Errova  may  arise  in  comparing  together  bay  taken  by 
chance,  and  the  produce  of  milk  token  by  chance.  It  would  doubtless 
he  far  bettor  to  establi.'ih  a  direct  cxpcrimfint,  giving  the  proportion  of 
butter,  determined  by  analysis,  rclntively  to  the  proportion  of  fni  matter 
consumed  by  a  cow.  Tliis  experiment  has  been  made  on  such  a  scale 
and  witli  so  murh  car«'  as  to  be  very  con^-incing.  It  lasted  tor  n  year. 
and  waa  conducted  on  7  milch  cows,  the  milk,  drawn  twice  a  day,  being 
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carefully  measured.  Tlie  7  cows  furnished  17,576  quarts  of  milk;  its 
weight  was  36,382  pounds.  -  Being  analyzed  from  time  to  time,  it  was 
found  to  yield  3.7  per  cent,  of  butter,  completely  deprived  of  water. 
From  this  it  follows  that  these  7  cows  furnished  during  the  year  1346 
pounds  of  butter. 

During  this  time  they  ate  30  pounds  of  hay,  clover,  and  grass  each 
day ;  that  is  to  say,  the  7  cows  consumed  during  the  year  77,650  lbs. 

Now  if  in  100  pounds  of  hay  there  are  1.8  of  &t,  the  77,650  pounds 
represent  1378 ;  recollecting,  however,  the  use  of  clover,  which  is  richer 
in  fat,  the  amount  should  rise  to  more  than  2000  pounds.  But  the  but- 
ter obtained  was  only  1346  pounds. 

From  this  experiment,  therefore,  we  gather,  that  a  cow  which  is  giving 
milk  finds  much  more  fat  in  the  fodder  she  eats  than  is  subsequently 
yielded  in  her  butter.  We  may  therefore  conclude  that  such  an  animal 
extracts  &om  her  food  most  of  the  fat  it  contains,  and  that  she  either 
stores  it  up  in  her  adipose  cells,  uses  it  for  the  production  of  heat,  or  con- 
verts it  into  butter. 

In  the  argument,  as  thus  presented  by  2^1.  Dumas,  the  question  is  con- 
sidered in  its  quantitative  aspect,  no  allowance  being  made,  however,  for 
the  amount  of  oily  material  accompanying  the  faeces,  and  no  estimate  of- 
fered of  the  proportion  destroyed  for  the  sake  of  producing  heat.  It 
might  be  that  the  entire  amount  of  fat  escapes  in  the  former  of  these 
ways,  and  that,  though  a  sufficiency  occurs  in  the  food,  it  is  not  absorbed 
there&om  into  the  system. 

There  are  many  facts  which  show  that  the  identical  fat  occurring  in 
Tbo  ideaticftl  the  food  is  actually  delivered  by  the  mammary  gland  with 
fa  found^'th^  ™ii"y  of  its  quantities  unchanged.  Thus,  if  by  cliance  cowa 
milk.  should  eat  the  tender  shoots  of  pine-trees,  or  wild  onions,  ot 

other  strong-smelling  herbs,  the  milk  is  at  once  contaminated  with  the 
special  flavor  of  their  oils.  The  same,  too,  takes  place  when  turnips  are 
introduced  in  their  diet.  If  half  the  allowance  of  hay  for  a  cow  is  re- 
placed by  an  equivalent  quantity  of  linsecd-cake,  rich  in  oil,  the  cow 
maintains  herself  in  good  condition,  but  the  milk  produces  a  butter  more 
than  usually  soft,  and  tainted  with  a  peculiar  flavor  derived  from  the  lin- 
seed oil. 

To  the  preceding  facts  it  is  unnecessary  to  add  any  obseiratlons  in  re- 
lation to  the  carnivorous  mammals,  which  obviously  find  in  their  prey 
large  quantities  of  fat.  In  the  chapter  on  calorifacicnt  digestion,  and  in 
that  on  the  functions  of  the  liver,  the  evidence  was  presented  both  as 
regards  the  reception  of  oily  material  from  the  food,  and  likewise  its  fabri- 
Snffident  cation  in  the  system.  From  these  sources  conjointly  it  may 
qumntity  of  flit  therefore  be  plainly  seen  that  fats  of  various  kinds  must  &1- 
"*    '  ^  ways  exist  in  the  blood.    A  simple  arithmetical  computation. 


OASBIN   PKE-EXIirrS  Iff  BLOOD. 


fouiidedoQtliedatafumishiHlby  the  tables  of  tiie  constitution  of  blood  anil 
of  iniik  reapeclively,  will  sUovr  t]i»t  there  ia  at  any  moment  a  sufficient 
supply  of  fatty  matters  in  the  blood  to  furnish  two  thirds  of  the  ditinial 
amount  of  milk.  It  docs  not  seem,  thcTc£)rc,  pkilosopKicnl,  under  t}icsp 
circumstances,  to  impute  to  titc  mammary  gland  a  power  of  forming  but- 
ter. It  doubtless  obtains  tbat  substance  directly  from  the  blood ;  and  it 
may  be  that  those  bodies  which  arc  »^iiccivcd  uf  as  celle,  and  which  arxj 
supposed  to  arise  in  the  lobules  of  the  gland  in  successive  biwids,  which 
run  a  rapid  living  career,  coming  into  existence,  reaching  maturity,  dying 
and  deliquescing  with  incredible  rapidity,  are,  in  reality,  nothing  mem 
than  oil  globules  which  have  coated  ihcinselvos  over  with  a  cyst  of  coag- 
ulated casein,  as  in  Ascherson'a  ejt|>eriment,  or  just  as  tliey  become  coat- 
ed with  A  similar  film  immediately  on  passing  from  the  intestine  into  the 
lacteal  vessels ;  and  this,  accordingly,  is  the  opinion  I  entertain  of  their 
nature. 

Next  of  the  casein.  There  has  been  much  controversy  among  chem- 
ists reflpecling  the  existence  of  casein  as  a  normal  iugrcdi-  Bc*>«n*  for  iB> 
ent  in  tlie  blood.  Tlieoreiiwilly  tlicre  does  not  appear  any  ^[[,'^^',"1"" 
solid  reason  for  denying  that  it  may  be  one  of  those  oonstit-  bUwd. 
uonts,  considering  the  analogj"  of  constitution  which  it  shows  with  albu- 
men. The  evidence  is  mueli  more  distinct  and  jwrtitive  in  the  case  of 
puerperal  bloocl,  and  is  greatly  strengthened  by  the  recognized  tendency- 
to  the  Occurrence  of  kieslinc  in  the  urine  during  gestation.  This  sub- 
Stance,  to  which  much  attention  has  of  late  been  devoted,  makes  its  aj>- 
pearancc  in  such  unue  as  a  pellicle  or  njembrancr  wliich  grodu-  . 

ally  increases  in  thickness.  It  is  aot  commonly  seen  before  30 
hours  after  the  urine  is  poiiscd,  nor  later  tlian  the  eighth  day.  Though 
somotinica  aj)pcajing  at  mi  earlier  jiej-iod  of  gestation,  it  is  more  frequent 
in  the  aovenlh,  eighth,  or  ninth  months.  The  fact  is  not  without  aignili- 
cance  tor  our  present  purpose,  tliat  it  may  reappear  in  the  urine  arter  par- 
turition if  any  thing  occurs  to  check  the  secretion  of  milk.  Sloreovcr, 
Piout  noticed  it  in  the  urine  of  a  delicate  child  which  was  fed  chicHy  on 
milk.  An  examination  of  it  shows  that  Idestinc  is  composed  of  casein,  a 
but^-ric  fnt,  and  the  phosphate  of  msgnesta.  Such  a  constitution  betrays 
at  once  its  relation  to  the  secretion  of  the  mammary  gland. 

Lebniaim,  who  inclines  to  tlie  belief  that  kiesline  is  nothing  else  but 
the  formation  uf  crystals  of  triple  phosphate  imd  fungoid  and  confervoid 
growtlis,  which  take  place  when  the  urine  becomes  alkaline,  admits  that, 
unless  it  lias  bee-n  the  basic  albuminate  of  soda  which  has  been  mistaken 
for  it,  casein  does  occiisinnally  occur  in  the  urine.  From  tlic  acknowl- 
edged fact  that  the  acid  interstitial  juice  of  inuscle  lihre  contains  cas^Ui 
tliere  can  not  be  any  doubt,  I  think,  that  that  substance  must  pi&oxist 
in  the  blood. 
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TIms  occurrence  of  casein  nnder  llie  form  of  kicstiup  in  the  urine,  in 
qaantity  increasing  as  gestation  advances,  indicates  tlicrclbre  that  the 
Bystem  is  a&uuining  a  propenitity  for  the  generation  of  this  Bubstnnco  irum 
its  Klbumi'noid  conijHjuiidK ;  and  since,  iii  cases  of  alar\'»tion,  tliv  {tet?cent- 
ago  of  cat^uiu  In  the  aiilk  does  not  seem  to  be  materially  atfectcd,  we  are 
to  atlribiite  its  irauicdiute  source  to  the  system  rathi>r  tlian  to  tlte  food. 
In  this  rt'specl  it  dif)>.-.n(  from  tlin  oily  LtinHtitucnu  butU.-.r,  the  jtcmcniagr 
amount  of  wliich  is  iiigtanUy  aftccU^l  by  varijilioiiH  in  the  naiure  and 
quantity  of  the  food.  It  would  seem,  indeed^  that,  from  the  some  plastic 
ingredient,  albnmcn,  the  soft  tiasuca  of  both  mother  and  inthnl  arc  fa\»ri- 
Cated,  witli  this  difference,  tliat  m  the  latter  eaftc  the  leniporar}-  condilioii 
of  casein  is  intermediately  assumed.  We  have  already  remarked  on  the 
identity  of  eoustilutioii  of  albumen,  casein,  and  tibrin,  so  far  an  tlieir  car- 
bon, hydrogen,  iiilrt^eii,  and  u.x.vgeu  are  concerned;  and,  indeed,  tbcM 
compounds  ditler  far  lesM  in  their  physical  cltaracterH  from  one  anotJier 
than  alhuracn  in  ita  coagulated  and  uncoagulaled  state :  yet  tliat  difler^ 
ence  in  physical  quality  may  he  readily  brought  about  by  so  triHing  on 

■agency  as  rise  of  temjMiratiire  ttirougli  only  a  few  degrees,  and  is  proba^ 
biy  dependent  upon  the  ditferent  alloiropic  tbniis  which  the  carbon  con- 
stituent is  prone  to  assume.     Giving  due  weiglit  to  these  various  consid- 

'emtions,  we  ^hall  find  reason  to  conclude  that  tlu.t  contitituent  of  the 
milk,  the  casein,  is  directly  derived  from  the  system,  which  can  manufac- 
ture it,  at  a  rate  of  about  30  grains  per  hoar,  this  being  about  one  half 
the  quantity  of  iihrin  generated  in  tlic  aunie  pejriod  of  time  for  the  eup- 
porC  of  the  muscular  tissues.  Chcmit>ally,  tJie  transition  from  albumen 
to  casein  is  not  to  be  regarded  either  as  an  ascending  or  declining  mcto- 
niorphosut,  but  only  an  the  temporary  osBumptlon  of  a  state  of  passage 
onward  to  tlie  condition  of  fibrin. 

With  respect  to  the  constitution  of  casein  there  ig  considerable  doubt, 
Cftcaiilcx  ii«.  The  substance  commonly  pa»aing  under  this  title  wwnn  to 
urn  aS  csMin,  consiflt  of  at  Icast  two  diflcrent  bodies  ;  at  all  events,  it  may 
be  separated  into  two  parts,  one  containing  i^ulphnr,  and  the  other  not ; 
moreover,  if  to  milk,whicii  has  been  periiictly  freed  from  butter,  there  be 
added  dilute  hydrochloric  acid,  the  ordinary'  precipitate  is  yielded,  hut 
there  atili  rcmaina  in  solution  an  analogous  body,  wiiieh  doca  not  precipi- 
tate until  the  mLxtnrc  is  boiled.  In  milk,  though  much  of  the  casein  is 
bdd  in  solution,  much  also  exists  in  the  coagulated  state,  fonning  tlic 
waU  of  the  milk  globules.  Its  existence  under  this  mcrahranoua  form 
may  be  demonstrated  by  the  action  of  acetic  acid  on  milk  globules  nn- 
der the  iiiicro«cope,  and  also  by  aliaking  new  milk  with  ether,  which  pro- 
duces ven-  little  change ;  whereas,  if  the  milk  were  only  an  emuleion.  the 
ether  should  take  up  the  fat  and  hold  it  m  solution.  Xow,  on  the  addi- 
tion ofpotatiii  or  itii  carbonate  to  milk  before  tlui  action  of  uttier,  those 
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ihUDoea  dissolve  thn  manhranc,  and  thon  the  ether  takes  up  the  fat 
!  fonna  a  dimljr-cleu  eolation.  'We  may  therefore  conclude  thai  the 
*>vtlwtanoe  we  designate  as  casein  consists  of  two  ingrcdieiilt),  the  proicin 
vronpoundf  which  exists  ui  a  stale  of  solution  in  milk,  and  also  that 
wiirb  forms  th»  membtaiic  of  the  fat  air{;uscle8. 

Many  of  the  remarks  jtwt  made  resiweting  the  origin  of  casein  are  ap- 
balile  to  the  sacclianne  constituent  of  the  milk,  the  origin  orictn  at  tiic 
U  not  to  be  attributed  so  inueh  to  thu  food  directly  «>(,■«  oi" '»"k- 
aypiem;  for,  in  starvation,  lite  sugar,  like  the  casein,  still  con- 
tncs  to  tbnn  to  nearly  tlie  normal  amount.     I  think  it  is  probable  that 
'  pnyluution  is  due  to  the  tiver,  aitd  is,  in  reuhly,  uotlting  more  than  on 
sdication  of  the  continued  action  of  that  glund,  one  of  the  prime  funo- 
li«B  of  which  is  the  generation  of  snceltariiie  componnds. 

From  ilic  data  now  bet'ore  us  respectinf:;  the  origin  of  the  different  con- 
•lilBetits  of  the  milk,  the  casein,  the  butler,  the  sugar,  and  fhe  wiiamirv 
ik  Raits,  we  are  able  to  come  to  a  definite  conclnsion  xtf  g<*i><i  »***  hy 
liiig  the  physiological  action  of  the  mammary  gUnd.  I  *"  "^ 
I  entered  on  this  long  disquisition  from  llie  important  bearing  which 
tie  decision  we  arrive  at  has  upon  the  whole  theory  of  secretion ;  for  if 
ihn  be  a  gland  in  ttie  body  in  which  we  should  ertpecC  to  find  proofs 
of  rMmativc  power,  through  the  agency  of  cell  life  or  otherwise.,  in  giving 
ii«  to  products  that  did  not  pro-exist  in  the  blood,  it  is  certainly  the 
MBBuiy.  But  now,  as  it  appears  that  all  the  constituents  which  its 
Boetion  contains  are  found  in  the  blood,  we  can  scarcrJy  suppose  thai 
■kgknd  itself  does  more  than  merely  strain  them  oat;  of  course,  in  com- 
■OB  with  all  such  structures,  it  possesses  wlnit  might  aptly  be  termed 
n  elective  tUtratiug  power ;  thus  it  permits  the  exudation  of  the  iodide 
tf^Massium  from  the  bltKHl,  but  refuscts  a  passage  to  the  ferrocyanide. 
Ind.  finally,  the  conclnsion  to  which  we  tlms  come  recalls  the  remark 
^tolbre  made,  that  the  more  thorougliiy  we  study  the  secretions  deliv- 
nd  Inr  ibe  various  glands,  and  the  more  jwrfectly  we  identify  the  sources 
^m  which  their  constituent  ingredients  have  been  derivc^l,  tlie  more  we 
■Uiiild  bo  disposed  to  tmpntc  glandular  action  to  the  phy«cal  process  of 
*tt£tiT«  filtrmtioa,  and  the  less  to  the  agency  of  cell  life. 

OF  THE  SKIN. 

Tbe  skin  is  composed  of  two  layers,  the  epidermis  or  cuticle,  and  the 
'^^nut  oar  cutis.  It  contains  two  systems  of  glands,  one  for  the  removal 
'"  *il*T,  and  another  lor  that  of  oily  substances.  It  also  prcseiita  sub- 
"^^  parti*  or  appendages*  such  as  tlic  nails  and  hair. 

IV  epidermis,  which  is  the  exterior  jKirtion  of  the  skin,  originates  from 
'^  oitU,  It  has  a  different  thickness  in  different  parts;  Thoqnrirmi*: 
^^  eotitrast,  in  this  respect,  being  very  well  shown  upon  the  '"  •»»'*^*'««- 
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soles  of  I  he  feet  and  the  eyelids.  In  tlus  respect  its  use  is  mecluintcal. 
It  scn'cu  US  a  protnctivc  covering  to  the  parts  it  envelojis,  tciug  thitjc 
where  pressure  and  Itard  usage  liavc  lo  be  provided  for,  aiid  thinner  where 
tbcre  is  a  necessity  fur  motion.  It  consists  of  aii  a^jregation  of  nacic- 
ated  particles  adiiering  together,  the  deepest  being  granates,  tlie  inter- 
mediate more  ]M*Tfcft  cells,  which  gradually  become  flattened  scales  as 
th^  are  examined  nrarcr  the  surface.  They  undergo  constant  eimvia- 
tion,  and  are  as  constantly  replaced  from  beneath,  the  superficial  ones 
becoming  dry  aiid  horny,  thus  furnishing  a  resisting  tegument,  liiu  oper- 
ation of  which  is  very  well  displayed  by  the  action  of  vesicating  agents : 
ft  watery  discharge  from  tlie  veijsels  of  tlie  cutis  soaks  through  the  lower 
iubfttanoc  of  llic  cuticle,  and  raises  the  drj*  layers  above.  The  cbemtcid 
composition  of  these  dry  scales  is  the  same  as  that  of  nail,  liair,  horn, 
andisC^.  H,,,  K,  0„. 

At  one  time  it  wa»  t^upposcd  that  tlie  rete  mncosum,  or  Layer  of  Mai- 
itou  mnoMum  P'S**''  *''"'^'i  '^  *^^^  lowest  portion  of  the  cuticle,  and  there- 
Miti  iu  oolur-  fore  resting  on  the  cutis,  is  a  distinct  structure.  It  is,  how- 
ogmMisr.  ^^.^j,^  niercly  the  most  ii^ccntly-formcd  portion  of  the  cuticle. 
The  netted  appearance  it  presents  originates  in  the  eminences  of  the  pap- 
illarj'  alructuru  below.  Many  of  its  (.oitstituetit  particles  contain  col- 
oring mutter,  cspeeialiy  Jii  the  dark  ntcc».  The  pigment  seems  to  be 
produced  by  the  agency  of  the  sunlight  and  continued  high  temperature, 
though  it  di?ap])ears  gradually  as  the  cells  containing  it  approach  the 
surface.     It  yields  a  very  large  percentage  of  carbon. 

Beneath  the  epidermis  is  the  derma  or  true  skin.  It  is  composed  of 
_.    .  fibrous  tissue,  which  also  serves  lo  connect  it  with  the  parts 

iuwMuwiw-  beneath,  blood-vessels,  lyinphatlcs,  and  nerves.  In  its  areolw 
^  tissue  both  the  white  and  yellow  librous  elements  arc  found, 

the  proportion  of  each  varying  according  to  the  mechanical  function  tlie 
part  has  to  discharge,  the  yellow  predominating  where  ehiKticity  is  re- 
quired, and  the  white  wlii^rc  a  resistance  to  pressure.  The  derma  also 
contains  organic  muscular  fibres,  to  which  its  property  of  eornigation,  as 
in  cutis  unscrina,  is  due.  On  di(!'crcnt  porta  it  is  of  different  tbickncas, 
Iwing  tliinncst  where  motion  has  to  l)C  provided  for.  .'V  deposit  of  fatty 
mftterial,  lodged  beneath,  gives  it  a  yielding  support.  Its  outer  surface 
presents  a  papillary  structure,  which  is  the  instrument  of  toucli.  This  is 
more  perfectly  develo|M!4l  on  tlie  inner  surfuee  of  the  palm  of  tlie  hand  and 
lingers.  The  furrowed  aspect  of  the  cutis  arises  from  tiua.  A  fiulher 
consideration  of  the  mechanism  and  functions  of  the  papillte  is  deJiirred  lo 
tbe  dci<eri|)tion  of  the  scuse  of  touch. 

The  photographic  engraving,  /"/y.  99,  represents  &  tliin  soction  of  tlie 
epidermis  of  the  foot  of  the  dog. 

The  general  method  of  armngcment  of  the  constituent  portions  of  llie 
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l*Br)a(Mtlni1itr  wdii'ii  uf  iikln  of 
BftdHnla  flf  dvg.  auHulncd  M  dlasirlcn. 

Bkin  may  be  gnthcrcd  from  the  jjcrpcndicnlnr  section  of  that  of  the  ex- 
tcnial  niiditon-  mi^alus  in  J'^iy.  100.  a,  the  dcmia  ;  6,  relc  niucosnm  ; 
c,  horny  hiycr  of  cpidcnna ;  d.,  coil  of  ctyniminous  glands ;  f,  their  excre- 
tory duels;  /,  their  apertures;  y,  hsir-saca;  A,  sebaceous  glands;  % 
masses  of  fal.     (Koliiker.) 

J^ff.  101  shows  the  under  Borfacc  of  the  cuticle  detached  by  macern- 
tion  from  the  [laltn,  exhibiting  double  rows  of  depiessiona,  in  which  thu 
pnpillii:-  have  been  lodged,  witJi  the  bard  epilheJium  lining  the  sudoripa- 
rous duets  in  thdr  course  through  the  cutis.  J^>me  of  them  are  con- 
torted at  the  end,  where  they  have  entered  the  sweat  giand.     (Todd  and 
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llon-man.) 

/7«/.  102,  papilU-  of  the 
palm,  the  cuticle  being  de- 
tached. (Todd  and  Bow- 
man.) 

/■Vi.  in; 

mm. 
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I'oMr  aiiue  «r  tlie  cttOcle. 


^Vy.  lu;i,  surface  of  the 
slun  of  the  pnlm,  showing  the 
ridges,  furrowH.  cross  grooves, 
and  orifipes  of  the  sweat- 
duets.  TIic  scaly  texture  of 
the  cuticle  is  indicated  by  the 
irrcguhir  lines  on  the  surface. 
(Totld  and  Bowman.) 
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Tlic  Nailr  constitute  one  of  the  appendiigcB  j*^.  ^m. 

of  the  epidrrmtt.  Thejr  arc  liomy 
coverings  protecting  tlie  extremities 
of  the  fingers  and  the  toes.  They  orighiRte 
in  a  fold  of  the  cutis,  and  become  free  at  their 
outer  ^jttrcmity.  The  nail  groue  from  its 
roots,  increasing  in  length,  and  simultaneously 
in  thiciciiesit.  lis  rate  of  growth  (IcfieiulK  ti]Kiii 
the  general  rale  of  nutrition.  During  periods 
of  sickness  or  abstinence,  its  growth  in  both 
directions  is  retarded,  as  is  indicated  by  u  mark 
or  impression  on  its  surface,  and  so  the  nail 
becomes  a  register  of  the  condition  of  nutrition 
during  the  period  of  its  own  exialence.  The 
thumb  uail  is  said  lo  occupy  about  20  weeks  ^"'"-' '  u.^^rn. 

in  its  growth  from  tlic  root  to  the  exlrcinity:  that  of  the  great  toe  about 
two  years — an  cstiinatu  wliicL  is  probably  too  long. 
The  Uaik. — Each  liair  originates  in  a  flask-shapod  follicle,  formed  by 
a  depression  of  the  cutis,  and  Uned  by  a  continuation  of  the  cii- 
tiule,  and,  like  it,  presenlin^  sc-jlIcs  on  its  superficies  iuid  round 
cells  heneaili.     The  bottom  of  llic  follicle  is  tlie  place  of  origin.     The 
hair  consists  of  two  portions,  the  outer  or  cortical,  and  the  inner  or  mfr 
dullary,  the  proportions  of  which  differ  very  much  in  diflinrent  caMS. 
The  surface  of  the  hair  presents  a  layer  of  imbricated  scales,  within  which, 
at  the  lower  part,  arc  minute  cells,  but  tarlher  from  the  root  tlie  cell*  be- 
come larger  and  begin  to  contain  pigment,  the  coloring  matter  being  dig* 
tributcd  nn4!i|ually,  sometimes  producing  a  tubuhu:  appearance  in  tlic  axis. 
The  hair  grows  by  constant  prolongation  from 
the  follicle,  its  color  being  due  to  a  ]>eculiar  col- 
ored oil ;  and  in  tbu  black  varieties,  iron  predoni- 
inales.     The  diameter  of  the  hairs  roi-ics  from 
Ti(J**'-n^''*''i"^"ch. 

In  fig.  1()4,  the  strnctore  of  the  root  of  almir 
and  part  of  its  shaft  is  displayed,  lltilb  of  » 
small  black  hair  from  the  scrotum,  seen  in  sec- 
tion :  'I,  basement  membrane  of  the  Jullicle ;  A, 
layer  of  epidermic  cells  resting  U[)on  it,  and  be- 
coming more  scaly  as  they  approach  c,  a  layer  of 
imbricated  cells  forming  the  outer  lamiim  or  cor- 
.  tex  of  the  tiair:  they  ore  more  Battened  and  com- 
^    pressed  the  higher  they  are  traced  on  the  bnlb. 

_, •    Within  the  cortex  is  the  proper  substance  of  the 

iiuulTS^u^a.^.   '     l»^i  consisting,  at  the  hue,  where  it  rests  on 
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tlic  basement  mcmbTane,  of  small  nngnlar  cells,  scarcely  larger  ihan  their 
iv-  !••  nuclei.     At  tf  tliese  celln  arc  more  bulky, 

and  the  bulb  conKC<]Ucntly  thicker:  there 
is  also  ^ligraent  developet!  in  ihem ;  above 
d  tliey  astfume  a  decidedly  tibroos  chaiv 
acter.and  become c:oiid(>naed;e,aniaKS of 
crila  ui  the  axis  of  the  Imir,  mueh  loaded 
wiili  jHgtiictil,     (Todd  and  nowitian.) 

/'Vy.  10/)  is  an  engraving  of  a  photo- 
graph of  a  transverse  section  of  human 
hair  from  the  head.  The  outer  line 
shows  the  cortex ;  in  some  the  pigment- 
ary axis  is  seen ;  in  most,  hoTrever,  it  is 
absent. 

The  BiTDORii'AHOiis  Glands  originate  in  depressions  of  ibe  cutis  or 
tissacs  bcnoatli,  occarring  in  some  ports,  aa  in  the  axilla,  jho  •vduriiM- 
morc  numerously  thaii  in  others.  They  consist  of  n  tube  "m  e'*""!*- 
vound  on  itiielf,  and  sometiuiett  dividing  in  convoluted  branches.  The 
knot  thus  arising  is  contained  in  a  cell,  the  wall  of  which  is  copiously 
supplied  with  blood-vessels :  the  duct  passes  through  the  superjacent  tis- 
Fig.  M*  aucs.  The  tube  is  formed  of  a  cylinder  of  ba^icmcnt  mem- 
brane lined  with  epitlielium.  Tl>e  basement  membrane 
may  be  com^idcrcd  to  be  derived  from  the  outer  surface  of 
the  papilhe,  and  the  ejiithelium  is  an  extomaL  projection  of 
the  cuticle.  'J'he  duct,  on  its  passage  outward,  loses  its 
basement  membrane  as  it  cucapcd  between  tlic  ]ia{}illiu; 
and  it  has  a  Hpiral  or  helical  aspect^  an  arrangcme.nt  prob- 
ahly  intended  (o  keep  the  calibre  open.  It  is  estimated 
that  the  number  ofsudoriparouaghinds  is  about  seven  mill- 
ions, and  the  total  length  of  their  tubing  about  2S  miles. 

J't^.  lOB  is  a  sudoriparous  gland  from  the  palm  of  the 
[land :  a,  a,  knot  of  tubes  with  two  excretory  duels,  6,  ^, 
uniting  into  a  helical  canal,  which  perforata)  the  epidermis 
at  Ct  and  opens  on  its  sni^tcc  at  </ .'  the  gland  is  imbedded 
in  iat  vesicles  at  e,  e,  ir,  e,     (Wagner.) 

The  SKiiACtoi-H  (ji^NUfl  are  dislrtbutwl  in  ditfe-rcnt 
abunilanc^e  in  %-ariou9  parts,  their  office  being  ti,;,  jtebjaona 
to  lubricate  the  hair,  to  keep  the  skin  in  a  flex-  b1«>«'*- 
ihle  eondilion.  and  avoid  the  inconveniences  of  friction.  Tlicir  ducts 
open  either  into  the  hair  follicles  or  npon  tlie  cutienlar  surtaee ;  the  gland 
consisting  of  basement  membrane  lined  with  epithelium,  the  colls  of 
wliicli,  as  they  reach  maturity,  become  filled  with  a  sebaocous  or  oily  m«- 
toriiiL     The  ear  glands  of  this  class  secrete  a  wasy  mattur. 
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Such  being  (lie  coiulruclion  of  tlto  vkin,  we  have  next  to  speak  of  its 
Rction.  it  (liitcliargca  ft  double  function  :  1st.  us  an  excrctmg,  asd,  2d. 
M  ua  absorbing  organ,  la  tliis  resp«ct  it  baa  an  analog^'  willi  tlic  mu- 
cous membrane,  wliich,  indeed,  is  a  reflection  or  continuation  of  iL 

Of  lUe  cxcrtling  nution  of  the  skin.  The  skin  (jcrmita  waler,  saline 
DlflbntttUndt  '"")  f:>(ty  substunccs,  to  (voipc  from  it  in  quantities  which 
rfperspiiaiioB-  differ  on  dificrent  portions  of  its  surface,  the  nature  of  the  se- 
cretions varjTiig  to  meet  local  requirements.  In  the  csaminatinn  which 
wc  are  now  entering  upon,  wc  shaU  speak  of  these  substances  and  tlieir 
jawportioiis  in  a  general  way,  overlooking,  for  the  time,  the  particular  va- 
riations. Yet  that  guch  variations  exist  is  dear  on  Ibe  most  superficial 
observation.  The  sweat  of  the  feet  differs .Irom  that  uf  the  general  sur- 
face, as,  Hgaia*  docs  that  of  Uie  urui-pits. 

It  has  been  usual  to  distinguish  the  watcrr  transudation  into  two  por- 
DiMniiiv  i)f  tions,  that  which  escapes  from  tlie  [lerspiralory  ducts,  and 
»»t«r  Lhrou«h  ih:it  })a8sing  Uirough  tlie  surface  of  the  cuticle.  It  has  even 
froui  Uii'  ancu  I'ff'*  '>''*^  *''^*  ^'"'  '""'•  glaTidular  secrotion  passing  from  the 
(»nii»«-i-d.  ducts  is  not  more  tlian  one  sixth  of  the  total  cutaneous  ex- 
udation; bat  this,  I  believe,  is  altogether  erroneous.  Wlicn  wc  recall 
the  im])cnncab]c  nature  of  the  homy  and  dried  scales  which  consthute  the 
outer  portion  of  the  cuticle,  and  that  llicse  are  constantly  coiiled  over  with 
an  oily  vaniish  issuing  from  the  ecbaccous  glands,  wc  may  infer  that  the 
cutaneous  Hurface  lurtween  tl  c  mouths  of  the  ]>orspiratory  duels  is  con- 
structed rather  for  the  hiiiderunee  of  evaporjition  than  for  its  promotion} 
and  though  the  oily  matter  with  which  tbe  skin  is  thus  imbued  is  jastly 
regarded  as  Iiavirig  for  one  of  its  functions  the  prevention  of  injury  from 
the  admission  of  external  moUture,  it  must  be  equally  effectual  in  stop- 
ping the  escape  of  water  from  within.  The  tardy  manner  in  whidi  wa- 
ter thiis  escapes  is  illustrated  by  tbe  operation  of  btialcrs. 

Under  the  fonm  of  steam,  water  continually  escapes  from  the  skin.  It 
Rxhainiinii  "^^'''  ^"  Certain  occasions,  issues  in  the  liquid  slate  as  drops 
ttfid  perepir*-  of  sweat.  To  its  escape  under  the  ibrm  of  steam  the  dcsig- 
'""*'  nation  of  exhalation  or  insensible  perspiration  is  given ;  but  if 

ander  the  form  of  sweat,  that  of  sensible  pej¥;piratJoii. 

Of  Exiiai^tiox. — On  condensing  the  vapors  which  arise  from  the 
skin,  tliey  are  found  to  consist  of  water  containing  a  little  acetate  of  nrn- 
monia.  With  the  water  likewise  esca]]ea  carbonic  acid  gas.  Witli  a 
view  of  ascertaining  the  weight  of  the  matters  tlius  lost,  Scginn  inclosed 
Kxiwrim^iu  l^"""*^'^  "•  *"'  air-tight  bag,  tlie  mouth  of  whidi  was  gummed 
toftH-nTtaicitiio  Upon  his  face  in  such  a  way  as  to  permit  the  access  of  air  to 
w  wliait^e*^  the  respiratory  organs.  He  then  dettrmijied  the  weight  of 
UirougiiUie  hw  body  and  the  bag  together.  .'Vfter  several  hours,  on  rc- 
ueighing,  Le  ascertained  the  amoutU  of  loss  by  pulmonar}' 
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exhalation.  Tlifn,  taking  off  the  air-tight  bag,  he  was  weighed  again, 
anil  aftpr  another  interval  once  more.  The  difference  between  the  two 
last  wi.-igiitiigt<  id  the  amount  of  the  |iutinonury  and  cutaneous  exhalation 
togrtberi  and  from  tkene  data,  by  a  simple  arithnK;ti<:al  calculation,  tlie 
vahie  of  each  may  ha  determined.  By  thcsw  experiments  it  apjieaired 
ihflt  the  loss  by  pulmonurj'  and  cuiniieous  exhalation  logeihcr  is,  on  an 
average  eighteen  grain?  per  minute,  of  which  seven  isRnc  fivm  the  langs 
and  eleven  from  the  skin.  The  variable  action  of  the  skin  in,  Iiowcvcr, 
well  illuBtrated  by  the  vxtremi'  numbers  obsen-ed,  the  minimum  being 
eleven  groinB,  and  the  maximum  thirty-two.  I''iom  the  experiments  of 
Valentin,  the  average  of  io»8  ilurougU  the  skin  ia  two  (wundb  and  nearly 
half  an  ounce  a  day.  Sefjnin's  experiments  would  make  it  two  pounds 
and  three  qnartcrs.  Ti  haa  licen  ahown  in  Chapter  X.  tliat  cammrfifc* 
the  action  of  the  skin  is  partly  meteorological:  the  amount  vartiible»ciian 
nf  water  passing  through  it  depends  on  the  dew-point,  the  "*  " 
atmosjdkcric  temperature,  the  conductibiiity  nJ»d  pcniousncss  of  the  cloth- 
ing. Whatever  physicU  circumstances  promote  nurfacc  evaporation  cor- 
responduigly  promote  the  acliou  of  the  skin.  Moreorer,  this  membrane 
act»  vicariously  with  the  kidneys,  and  this  not  oidy  as  regards  the  water, 
but  also  as  regardtt  the  solid  matter,  a  larjo  amount  of  which  is  tlirown 
off  in  the  courne  of  the  day. 

In  all  ooniputations  of  the  quantity  of  wnter  eliminated  by  the  akin, 
it  should  not  be  overlooked  that  any  inclosing  barrier  or  bag  ran«t  neces- 
jtarily  occasion  a  complete  alttrration  in  the  conditions  under  which  the 
action  is  occurring.  On  the  whole,  it  is  perhaps  most  jjrobable  that  the 
ratio  of  the  matters  expired  through  the  skin  and  those  expired  by  the 
Jungs  is  us  9  to  5. 

Bcsidca  the  water  secreted  by  the  sudoriiwrons  glands,  carbonic  add 
and  nitrogen  escape.  Their  relative  proportion  ia  variable,  TnmiiviniiioD 
and  seeme  to  depend,  among  otlier  things,  upon  the  natnm  of  "fp**'- 
llic  food,  Ihc  carbonic  acid  in^Tcasiug  under  a  vegetable,  and  the  nitrogen 
nnder  an  animal  diet.  From  the  experiments  of  I>r.  J.  ('.  Draper,  abore 
mferred  to,  it  appears  that  the  absolatc  amount  of  these  gases  ia  influ- 
enced by  exercise* 

Op  PnR.si'1  ration. — When  the  atmospheric  temperatiu^  is  high,  and 
more  (wirticularly  if  nntscuhir  exertion  lie  resorted  to,  the  lasrwlinnu  of 
qnantily  of  water  issuing  from  the  perspiratory  ducts  ia  so  I'*'»P'"""'"- 
great  that  it  can  not  bo  evaporated.  It  then  exudes  as  drops  of  sweat, 
which  Ixieorae  mingled  with  the  oily  secretion  prepared  by  the  sebaceous 
glands.  From  this  commingling  it  ia  scarcely  possible  to  obtain  the 
sweat,  in  an  unconlaminntcd  condition,  suitable  for  analysis,  or  even  to 
exrJnde  iIk>  delritug  of  the  cutie.lo  itself.  In  a  thouMtnd  parts  of  Hweat 
there  ore  from  tivc  to  twejve  and  a  half  parts  of  solid  materiaL     Thenaid, 
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by  resorting  to  the  exiicdient  of  ivearing  for  some  days  a  6annel  sbirt 
which  had  been  thorouglily  washed  in  distilled  water,  ascerlaini'd,  aflvr 
it  had  ngojn  been  washed  in  distilled  water,  that  it  ]iad  become  iiubaed 
with  thn  chloride  of  sodiuni,  acetic  ucid,  pho»i>hale  of  sudii,  pho^plmtc  of 
lime,  oxiih;  uf  iron,  and  an  aniinal  Kubstiincc  RorKelius  found  in  the 
sweat  of  the  foreliead  chloride  of  sodium,  lactic  acid,  and  muriate  of  am- 
monia. Beaidea  tliejw,  other  chemists  have  found  Initvric  arid,  tlw  car^ 
bonatcfl  and  sulpliatoft  of  jwitnith  and  soda,  and  the  carbonate  of  lime. 
That  sweat  contains  eulpliui  is  proved  by  keeping  a  portion  of  it:  when 
putrefaction  ensues,  the  sulphide  of  ammonium  is  disengaged. 

Foureroy  finsi  detected  urea  in  perspiration,  an  observation  subae- 
quentiy  contirined  by  Landerer  and  otliers.  'I'liat  the  «kin  can,  under 
certain  circumstances,  excrete  urea,  is  proved  by  the  interesting  fact  tliat 
thia  HuhslniK-G  sometime^)  occurs  as  &  bhuHh  iiowdcry  niiiteriaJ  on  the 
bodice  of  those  who  have  died  trom  cholera. 

In  tlic  pcr.^piration  formic  acid  also  exists,  and  in  certain  conditions 
rt—  *■  of  disease,  as,  for  instance,  intermittent,  it  occurs  in  consid- 

Tomiic  add  in  crablc  quantity.  Its  ori^n  may  be  from  lactic  acid,  which 
ponp  rwion.  py^m-j,  through  tills  combination  in  gradually  proceeding  to 
its  final  destruction  into  carboniu  acid  and  water.  It  has  been  assextod 
that  the  iiicTeased  acidity  of  rheumatic  sweats  is  due  to  a  concenbxtion 
from  evaporation.  * 

The  sndoripftrons  glands  secrete  a  portion  of  fat,  as  is  demonstrated  by 
Rxptrimeniftr  the  experiment  of  KraiiscT  who  removed  from  the  palm  of  the 
KnuM.  hand,  on  which  there  are  no  acbaccous  glands,  loose  epithe- 

lial scales  and  fat  by  means  of  ether  and  fl-iclion,  and  then  placed  upon  a 
square  inch  of  it  se^'er.il  thicknesses  of  lillering  ]>aper,  which  was  kept 
in  contact  for  one  night,  and\properly  protected  externally.  The  paper 
yielded  to  the  action  of  ether  a  fatty  substance,  which  contained  murga^ 
rine  and  oil,  in  quantity  sufficient  to  make  tissue  paper  translucent. 

But,  liesides  the  saline  auliHljinces  thus  dissolved  in  »'atcr,  tlie  skin, 
Semtittnrffat  'tl"''J"g'i  '''^  action  of  its  sebaceous  glaiuU,  seoretcs  olcogin- 
uiiioiirrMn  ous  materioJ.  Tlio  nature  of  this  tatty  substance  diScrs  on 
'       '"■  diftbrenl  regions,  or  accortling  to  the  purposes  to  which  it  is 

to  be  applied.  Where  the  ducts  of  the  sebaceous  glands  open  into  the 
hair  follicles,  the  fat  is  of  a  liquid  or  oily  nature.  Sometimes  stearinc 
and  margarine,  sometimes  cholcstcrine  U  set  free.  Before  birtli,  this  last 
substance  is  the  chief  constituent  of  the  vemis  caseosa,  coating  tlie  sur- 
face of  the  skin.  In  this  manner,  sometimes  tlie  saponiliablc  and  sonic- 
times  the  iion-saponi  liable  tatK  or  lipoids  are  used. 

In  tlic  midst  of  these  complex  actions  a  very  important  principle  may 
rhntti?  ActipD  he  discerned.  I  hare  spoken  of  the  double  action  of  the  kid- 
ney, its  mechanism  for  removing  saline  solutions,  and  also 
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thl  for  oonibuatible  material.     I  have  uow  to  present  tbc  skiu  under  tlie 

tunc  aspect.     It  ih  not  a  mere  analog'y  th.it  GXJBts  between  the  action  of 

tkworgans;  the  occum-ncc  of  urea  and  of  the  salt  substances,  the  names 

ofviiich  have  been  specified  in  both  Becrotionii,  in  a  fnet  of  tiic  utmost  sig- 

taiaiice.     I  believe  that  the  sudoriparous  glandi*  arc  the  counterpart j* 

nftbt  X[aipigbian  bodies,  and  the  RebaccouB  glands,  in  their  funclioii.  arc 

the  coujit(»parl0  of  tli«  urinilcrous  tubes.     Indeed,  thia  double  action  is 

tliett  (list ingais bed  in  the  case  of  the  nincous  nietnbrnnes,  which  possess 

^jOt  histrumejiial  arrangement  for  the  transit  of  valine  solutions,  and  an- 

bet  for  that  of  liLta.     And  since  the  nkin,  the  mucoim  membrane,  and 

Igreat  glands  (xinnceted  with  it,  arc  ail  to  lie  regnrded  as  developments 

Totie  original  tissue,  wc  should  expect  to  discover,  even  in  their  concen- 

or  specialization  of  function,  the  traces  of  their  original  and  com- 

I  property.     Development  takc-^  jjlacc  irom  the  general  to  the  special ; 

Ibcnoe,  in  parts  which  have  arisen  from  the  same  primordial  etnicture, 

they  may  be  charged  with  the  accomplishment  of  functions  which, 

in  i[i[»arance,  differ  essentially,  thejt;  may  ]k\  l>i)lh  in  Uieir  action  and 

>  their  constmctiun,  the  traces  of  their  originul  identity.     Il  is  in  this 

that  the  kidneys,  and  skin,  and  mneoas  membrane,  jwsseas  the 

ty  of  acting  vicarionsly  for  one  another.     The  kidney  can  diiv- 

watcr  for  the  skin,  or  the  skin  nrea  for  the  kidney.     The  com- 

'tteiitile  matter,  known  as  extractive  in  the  urine,  can  be  set  free  under 

diioiniebed  lenol  action  by  the  scbaccuuK  glands,  and  tlic  saline  solutions. 

f^Unuiiated  by  the  convoluted  tubing  of  the  tuft5  of  .Mal])ighi,  can  be  set 

n«c  by  tha  convoluted  tubing  of  the  sudoriparous  gland-s.     In  connection 

•ith  the  views  I  am  liere  impressing,  I  would  nrcall  the  structural  and 

'ujwional  analogy  there  is  betwren  the  transuding  mechanism  of  the 

*Mlncy  and  the  lraii«uding  meelianism  of  the  skin,     lioth  are  arrange- 

'—cnts  of  tliin  convoluted  tubes,  and  tiie  same  may  be  rornarked  as  re- 

tlw  elimination  of  combustible  material,  which  is  probably  accom- 

by  cell  action  in  the  uriniferous  tubes,  and  again  by  cell  action 

^^**  the  aobooeons  glands. 

Bfstdett  exerei.<>ing  the  functions  of  exhalation  and  perspiration,  nu- 
'■*<siOua  facts  demonstrate  that  the  skin  exerts  an  absorbent  Ab»i>T|iUon  by 
^<=tiMi.  The  cndcrmic  application  of  remedial  agents  cstab-  rf"^^"^'*" 
^^bes  tlu.i  in  a  satis&ctoiy  manner.  Thai  water  can  tind  ii<iui'i»- 
^^scwi  in  this  way  is  shown  by  tlio  assuaging  of  the  thirst  which  may 
on  taking  a  bath ;  uor  is  tlie  amount  iui^igniticant,  since  it  may 
^(BS^OWto  a  considerable  increase  of  weight.  Thus  lizards,  which  have 
,  ****ii  kept  in  a  dry  utmosphcre.  and  thereby  ealfercd  a  diminution,  recov- 
**  iWr  original  weight  afier  immersion  in  water:  nor  is  it  necessary 
''*<i*  the  whole  skin  should  be  brought  into  contact  with  that  litjuidi 
^be  ggtae  rc?uU  is  obtained  if  merely  the  tail  and  hinder  juirts  are  im- 
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mersc<l.  Oaseoo!"  snbatances  alao  fin<l  entrance  tliroagh  the  akin.  If 
the  hand  be  put  into  a  bcU-jar  containing  o^cygen,  nitrogen,  or  carbomc 
acid  at  the  pneamatic  troiigli,  absorption  of  tliose  gases  enaues.  Prafoa- 
bly  it  ifl  a  standard  fxuiction  of  the  skin  to  pcmiit  a  jMirlial  artcrinlizatton 
of  tlic  lilood,  utmoApheric  o:£ygcti  being  uxcliangcd  for  carbonic  add 
through  it,  an  action  tJie  rcitidual  trace  of  the  community  of  function  be- 
tween tiic  skin  and  mitcoua  membrane.  In  the  caac  of  some  animals 
this  cutaneous  respiration  is  well  nwirked. 

Recapitulating  now  the  more  iin[>ortant  actions  of  the  skin,  Uie  foUow- 
Somnmry  "f  ^"^  «*«te'nent  may  bc  made :  It  icgulatcs,  to  a  certain  estent, 
ilie  fonctlons  tUe  amount  of  water  in  the  sytsteui,  disposing  of  it,  as  the  case 
oftiutkin.  jjiQ^  ^  either  as  sensible  or  insensible  tranajiiration.  The 
water  doubtless  maintains  its  liquid  condition  until  it  prcsenta  itself  at 
the  montlis  of  the  sudoriparous  ducts,  moistening  the  general  sorfiice  of 
the  skin,  and  then  being  evaporated ;  or,  if  the  supply  be  greater  tlian 
can  Tjc  tlma  removed,  it  accnmnlatt'S  as  drops  of  sweat.  There  appears 
to  be  no  Hubstantial  reason  for  believing  tliat  any  jmrlion  of  water  trans- 
udes directly  tlirough  the  stnictuw;  of  the  cuticle,  since  the  scales  which 
oompoee  it  are  of  an  im|)crvtou8  and  almost  horny  nature,  and  their  in- 
terspaces are  fortitied  against  aiiy  such  lufd^ago  by  tlio  oily  cjtudations 
of  the  sebaceous  glaiids.  With  tiic  water  thus  presenting  on  tlic  surface 
arc  many  compounds  which  am  also  constitucnta  of  the  urinary  «ccr©- 
tion.  Among  these,  urea  may  be  particularly  pointed  out,  thus  indicating 
a  similarity  of  instrumental  action  Ijctween  this  organ  and  the  kidneys, 
and  this  is  fiuther  substantiated  by  both  containing  provisions  for  the 
elimination  and  escape  of  the  hydrocarbons;  but  besides  these  direct 
functions  there  jure  other  very  iui]Jortaut  coUatcral  agencies  which  the 
skin  exerts,  and  particularly  as  a  n^giihitor  of  temperature.  In  this  ro* 
spect  the  action  is,  to  a  certain  extent,  meteorological.  Dut  this  has  been 
provionsly  treated  of  so  much  in  detail  that  ic  is  unnecessary  to  resume 
the  consideration  of  it  now. 
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CHAPTER  Xm. 

OF  DECAY  AXD  NTTRrriON. 

t^Ihtag:  I.MaofWii^\liK  Starvation.— Inten^t'tai  Dtath.—Efft ft  0/  AQatroptiem. 
<y}FtMtkm !  yitritian/ar  Btpair  and  A'ltfnftwnybr  Bemoddimy,  itkmnuti  mi  lie  rata  ^  Fttt 

■Hf  Hoar  rrtprrfirrfy. 
<yFm.-  Ji*  i\ruSnritU*,  MoAf  •/"  Ocmrfrnre,  and  Ongw.—In^ry  vkttiier  Afdmnb  trtr/imi 

J-'aL—A'tifl'-iil  i'fxid^rtiim  of  it. — AnimaU  bath  njirrt  it  and  wakw  il.—.\ixnnmlalitM  <lf  *t 

mtfmdl  Xitmifmiirii  T^uar.  —  (jamfilumt  t-f  ike  Fatlenim/  vf  Ammahi.  —  ■^tWmmurgr  of  thr 

I7miiii.  Dfpoait,  nnd  nuninrt  <^  Itrmonit  i^"  Fat. — /tJ  jiarlial  Oxidations. — Smumttry  i/f  iu 

CW<— A'towy— wJ  Sitirititm. 
[Cy^wt  TV  JitfiiJWoii.  —  5friwYHM  rurf  Okiinoif  C^iiV>o«M^ 

jK^nCi. —  TV  PrtKjtu  ^  U*^pmii/m.— Efj^trinirHU  m  tht  (>meii  t^ Stoat.— ti^fhatct  of 

nftifiit  AyattM  <■«  Dettiejrmait  a»d  S'utritica. 

OF  DECAY. 

Thr  animal  mechanism,  as  a  condition  of  its  activitr.  is  constantly 
rise  to  wasted  products,  its  parts  in  succeasion  passing  i(„t™™^ 
rtbnmgb  retrograde  inctAinorpiiosis  or  decay.     P^rom  tlic  cJab-  ncumoipiM- 
jorate  organization  which  ihcy  have  niaiiitnined,  thej'  go  by  *'*' 

3  tliroQgh  a  descending  course,  which  brings  thorn  nciu^^  and 
to  the  inorganic  state  Thaa  the  fats,  falling  &om  orkc  step  to  an- 
otier,  finally  cmei^  irom  tlic  system  as  carbonic  acid  and  water,  and 
thai  the  complex  atom  of  protein  degenerates  into  those  substances  and 
■Umtiouia* 

To  this  steady  wasting  away  wc  oflfcr  no  resistance.     Having  no  in- 

t«OT  principle  of  conBervation,  the  organism  delivers  itself  ix.»  of  wtlttbt 

wp  BarcaistinKly,  and,  if  its  neoessary  supplies  be  withheld.  '"  •'*"'"»«»a- 

^Oy  won  succnmbfl-     The  experiments  of  Chossnt  show  that,  taking  the 

'Aen  of  forty-eight  cases,  inclnding  rabbits.  Guinea-pigs,  turtle-doves. 

E^'BDonSt  bens,  and  crows,  the  body  loses  39.7  per  cent,  of  its  weight  b&- 

7^  death  by  starvation  enuuc^ ;  that  mammals,  during  the  process  ct 

****'i\Uoxu  lose  daily  4.0  per  cent,  of  tlicir  weight;  and  birds,  as  indeed 

'**'giit  be  expected  from  their  higher  rate  of  n*R]iinition.  •1,4  per  cent.     It 

'^ows,  therefore,  tliat  poch  unimuls,  under  tliesc  circumstances*  lose  one 

^*^t[ty-fi:iurth  part  of  tbcir  weight  |x:r  diem  by  destniclion  of  tissue,  a 

'**'ilt  which  corresjwnds  with  that  of  Schmidt's  cxpcrimcntB,  which  lead 

^  the  inference  that  the  daily  amount  of  properly-selected  tbod  which  an 

^*'*ul  requires  mast  amount  at  least  to  one  twenty-third  of  its  bodily 

*^'  ;ht. 

*  hat  the  liuictionai  actiri^  of  a  part  implies  destruction  ia  yory  wcH 


INTERSTmAL    DEATH. 


illustrated  hy  the  gradual  wontc  of  the  iiiujticlcs  under  use  ;  tluit  nerrout* 
Keocsficr  of  activity  ia  uli^o  <lu{>r;ndont  on  oxidation  i»  indicated  by  the 
''^'-  appcarancu  of  alkaline  phosphates  in  tlie  urine,     (.lencrally, 

the  more  active  the  function,  the  ehortcr  the  lite  of  a  part ;  but  even  tiic 
liair,  the  teeth,  the  cuticle,  the  activity  of  wbich  is  very  low,  arc  no  ex- 
ceptions, for  they,  too,  have  a  limit  of  dnration,  and  provisions  for  repair 
or  renewal.  Thus,  as  the  anrtacc  ot'the  cnticle  abrades,  it  is  restored  by 
the  development  of  now  cells  helow,  and  their  gradual  drj'ing  up  into 
scales ;  and  as  regards  the  teeth,  the  second  set  arise,  as  it  may  be  said, 
fxoin  germs  wlucii  liave  been  leit  by  the  Jit-^t,  so  that  when  the  croivn  of 
the  deciduous  tooth  dies,  and  its  fang  and  vascular  turangemcnt  are  ab- 
i^orbcd,  tlic  new  tooth  is  nmily  to  take  its  plau'. 

Since  it  is  not  merely  snpcrficiHl  parta,  as  the  hair,  the  teeth,  or  ilic 
[nwwtiUfti  cuticle,  but  also  llio  dct'[)-aea,tecl  or  interior  ones,  that  nndeigo 
■k-Bth.  tlicsc  changes,  the  «p|>ropriiite  designation  of  interstitial  death 
has  been  hitroduccd.  The  removal  of  the  effete  material  is  accompligb- 
fd  by  the  aid  of  tlit;  blood,  which  occasions  p.irtlut  or  perfect  oxidallon, 
with  a  corresponding  liberation  of  heat,  and  tlieii,  dissolving  the  products 
liiat  have  arisen,  carries  them  away.  Wc  have  heretofore  discussed  llie 
'jucstiun  how  it  is  that  this  oxidizing  action  of  the  arterial  blood  is  lim- 
iled  to  the  dying  parts,  and  how  those  whicJi  are  yet  capable  of  taking  u 
share  ia  organization  are  protected.  It  appears  to  me  that  we  are  obliged 
p  dtMod-  ^^  admit,  hi  tlie  mcchflnisra  of  living  beings,  those  peculiar 
Hnton  illoirop-  conditions  which  both  simple  and  compound  bodies  may  aa- 
'°  *"'      sume,  and  which  are  known  as  allotiopic  states  in  chemistry. 

The  indifference  to  oxidation  which  carlxtn,  under  the  form  of  diamond, 
presents,  contrasts  strikingly  with  tlie  extreme  combustibility  of  lamp- 
black. The  ready  oxidibUity  of  phosphorus,  which  causes  tixe  shining 
from  which  it  has  derived  its  name,  is  do  longer  recognized  in  that  other 
phosphorus  which  lias  been  acted  on  Ijy  the  more  refrangible  rays  of  the 
sun.  And  these  are  qualities  which  elementary  atoms  carry  with  them 
when  lliey  go  into  union  witJi  other  bodies,  as  is  well  displayed  by  tlie 
two  distinct  forma  of  pUosphureted  hydrogen  past,  bodies  haA-ing  the 
same  composition,  bnt  the  one  spontaneously  combustible  and  the  other 
not  Some  reasons  have  also  been  offered  for  imputing  to  the  nervous 
system  a  control  over  these  allolropic  changes,  and  under  this  point  of 
view  wc  must  regard  it  as  having,  for  one  of  its  prime  duties,  the  regu- 
lation of  decay.  These  conclusions  receive  weight  from  the  considera- 
tion tliat  in  plants,  iti  the  economy  of  which  no  interstitial  deaths  arc 
taking  ]ilace,  no  nervous  system  is  foutid. 


IIBE,  BOUItCE,  AND   DETOSn*  OP  FAT. 


24B 


OF  yuTRmoN. 

Interstitial  death  and  mtrogradc  nK^tamorphosis  imply  remoTal ;  bat, 
Imadus  the  removals  of  wnstcd  material,  on  ncconnt  of  ite  in-  K«trii«>n  (W 
sbilitT  to  be  any  longer  Bubscn-ient  to  the  uses  of  the  ccon-  t"'|I|Iu  fo,''^"" 
oiny,  there  an  also  rabordinnte  rcmovaU,  which  are  cou-  tnoditUiig. 
nect«d  with  tliL'  necessary  irmodeling  of  parts.  Thus,  during  the  groirth 
of  the  »keleton,  bone  eartli  is  transterretl  from  one  |K)inl  to  another,  the 
oaacDua  cavities  enlarge*!  or  altci-ed,  nnd  the  auhatance  taken  Iroiii  them 
is  cauried  to  otlior  pointa  where  it  is  needed.  Under  sach  circumstances. 
tiba  disappearing  ]mr1  is  imt,  in  rvjilily,  giving  riw*  to  useless  products. 
Tbe  BoliKtanco  thii;^  taken  from  the  ponition  it  occupied  is  as  valuable  a» 
it  em*  was*  and  accordingly  it  is  employed  over  again. 

The  restoration  of  material  in  the  place  of  that  which  is  being  eon- 
mzned  for  use,  and  even  the  preservation  of  exceaeies  wliich  may  be  of 
vaine  at  a  fntorc  time,  is  very  well  illustrated  by  the  deposit  of  fat  in  the 
•i£paee  tissue.  Transference  from  ]>oint  to  point  of  material  which  has 
nniisgonc  no  deterioration  may  be  studied  in  the  histoiy  of  the  growtli 
and  dovclopincnt  of  bone.  To  these  cases  in  succession  I  propose  to 
duvet  attention. 

First.  Of  the  use,  soura's,  and  manner  of  deposit  of  the  fat. 
ITw  use  of  fat  in  the  animal  economy  doubtless  depends  on  its  heat- 
tmUng  power;  for,  though  there  are  many  different  varieties  rtirHoioprai 
<rf tliis  Bubatance,  solid  and  Uquid,  they  arc  all  characterized  "latiowofftw. 
by«B  analog;)'  of  composition,  all  containing  a  great  excess  of  unoxidized 
bydrogen.  It  is.  indeedi  on  tliis  peculiarity  that  their  employment  in 
^OBoBtic  economy  depends.  They  arc  all  highly  combustible,  and  evolve 
■o  aadi  heat  as  to  he  very  available  f<»r  the  prodnction  of  ilamc. 

P'or  tbe  better  imdcrstanding  of  the  functions  discharg;ed  by  forty  sub- 
"■noes,  wc  may  perhaps  profitably  oifer  the  following  statement  of  their 
"'••Biical  relations. 

Wbea  a  fat  ot  oil  is  acted  upon  by  an  alkali,  in  contact  with  water  at 
^  Kiiling-pnint,  decomijosition  ensues,  a  &tty  acid  and  gly-  pj,^^-^ 
''^(^e  being  disengaged,  and  tbe  acid,  uniting  with  Oic  alkali,  mUuitiwoT 
P*e8  origin  to  a  soap.  During  this  action  no  oxygen  is  ab-  **'" 
f^rtied,  bat,  since  the  com]>ounda  arisini;  present  an  increase  of  weight,  it 
*  Evident  thai  there  has  bcvn  an  assimilation  of  wate-r.  In  view  of  the^* 
*ct«,  it  is  therefore  inferred  tliat  the  oils  and  fnts  aro  composed  of  a  fatty 
••d  miited  with  tlic  oxide  of  n  radical,  to  which  the  designation  of  lipyl 
"**  been  given,  and  wliich,  when  it  is  displaced,  combining  with  water. 
8***8  origin  to  glycerine. 

OlyceriTic,  which  is  a  substance  of  considerable  physiological  import- 
*''*^  B  a  pnle  yellow  liquid,  of  a  sweetish  taste,  and  attracting  moiatorc 
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tifom  tbe  air.  It'  fermenled  in  a  large  quantity  of  water  with  yeast,  it  ia 
coni'erted  into  mctacetonic  acid.  It  occurs  iti  tbe  yolk  of  the  egg,  and 
alao  ia  the  tkts  of  Uw>  braiiL  By  gradual  oxidatiou  it  can  give  riM  10 
lactic  acid. 

The  {ihyfiical  properties  of  tbe  fats  de{>end,  for  tlie  most  part,  on  tht> 
nature  of  their  acids.  The  tats  derived  from  animals  are  of  various  dc- 
greoa  of  conaistency ;  they  are  colurless  or  white,  lighter  than  water,  bad 
conductors  of  heat.  They  are  insoluble  in  water,  and  hum,  in  the  pres- 
ence of  air,  into  carbonic  acid  and  water,  with  the  evolution  ofmaeh  beat. 
By  the  action  of  certain  nitrogcnizcd  ferments  tlicy  niay  be  separated  into 
their  acid  and  glycerine,  and  by  the  action  of  ]>ancrcatic  jnJcc,  as  ex- 
plained previously,  may  be  brought  into  tbe  condition  of  an  emulsion. 
Tlie  more  imporlaul  of  the  animal  fiits  are  atearine,  margarine,  and  oleine. 
PUeetofMcor-  "^hey  are  inclosed  in  celU  accumulated  m.  various  parta  of 
teoM  tf  bu  the  system,  auch  as  in  the  orbit  of  llie  eye,  around  tlic  heart, 
and  among  the  muscles  of  the  &ce,  under  the  cutis,  and  within  the  bonea. 
In  morbid  states  they  Bometimcs  abound  in  tlic  kidneys,  liver,  and  spleen. 
They  are  alao  discovtsred  in  some  of  the  animal  Huid^ :  thus  they  ootnntu- 
nicate  to  the  chyle  its  characteristic  property,  aud  tborctorc  Ukcwiac  oc- 
cur in  tlie  blood.  Tn  their  relarive  amount  they  vary  at  diifercut  [icrioda 
of  life,  being  in  a  larger  proportion  in  childliood,  and  again  after  the  mid- 
dle period.  Their  quantity  likewise  changes  with  physical  changes,  dj- 
ininiahing,  for  instance,  after  continued  muscular  exertion,  and  also  by 
bng  exposure  to  cold. 

Though  the  amount  of  fat  in  the  blood  varies  with  the  nature  of  the 
(jiuatitrorfiit  ^'^^  ■'  can  not,  however,  be  increascii,  in  a  state  of  health, 
ID  the  blood,  beyond  a  certain  point,  owing  to  tlie  inability  of  tJio  absorb- 
ents to  recave  more  than  a  definite  quantity.  The  seraiii  of  arterial  con- 
tains less  fat  than  the  serum  of  venous  blood;  the  blood  of  women  more 
than  that  of  men- 

The  manner  of  occurrence  of  iat  io 
organized  structures  is  twofold :  oft- 
en it  occurs  in  the  &ee  state,  but  also 
is  \eij  oomiuonly  inclosed  in  the  in- 
terior of  cells,  as  shown  in  J^/y.  107, 
which  is  a  fat-ccU,  a  being  the  adi- 
pose membrane,  and  b  the  nuclens. 

^y,  108,  adipose  and  areolar  tissue:  a,  a,  &t- 
cells ;  b,  6,  fibres  of  areolar  tissne. 

Bospoctiug  the  origin  of  the  fat  auhstances  in 
Pau  ftrin  from  plants  there  can  be  no  question.     They 
SS^t^il    '^  derived  from  the  decomposition  of   «'p<«  ««>  ««'•' «-™ 
tunlntfiiNnim,  carbonic  acid  and  water  by  those  otganisma  under  the  in- 
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flncnoe  of  the  rajs  of  the  snn.  It  is  interesting  to  remark  that  to  theee 
eanie  binary  bodies  do  tlie  tat3  return  after  accompUsliing  tlie  successivo 
staged  of  their  metamorphosis  in  the  economy  of  animaU.  From  car- 
bonic acid  and  water  thay  come ;  to  carbonic  add  and  water  they  roluntt 
liut  the  or^in  of  the  fatty  substances  of  animals  is  hy  no  ineaafi  so 
lear.    One  of  the  questions  which  have  been  debated  in  chem-  ^  . 

physiology  is.  Do  animala  collect  front  their  food  all  Uie  «au«<ct<w(ab. 
^firt  <hey  require,  or  liavQ  they  tliu  power  of  making  it  for  them-  '^'*'*' '"'" 
selves  ?  In  the  preceding  chapter,  under  the  description  of  tluj  origin  of 
the  butter  of  milk,  wc  have,  in  part,  anticii>ated  the  facts  which  might 
here  be  presented.  Referring,  therefore,  to  wliat  lias  there  been  said,  it 
will  be  sufiicient  now  to  admit  the  general  conclusion  that  fats  and  oils 
very  abundantly  occur  in  plants. 

But  instances  arc  not  wautuig  which  show  that  &om  other  sources 
than  the  vegetable  kingdom,  and  by  processes  very  different  to  those  ex- 
ecuted by  i>Unt8,  fats  may  bo  made  firom  substancea  in  which  they  did 
■pot  prcM::xi8t.  Wo  select  some  of  tlieso  wliieh  liave  been  olTercd  by  cbem- 
^ista  who  have  asacrtcd  the  power  of  tlie  animal  system  for  such  a  foiin- 
ation  of  fat 

lat.  When  an  animal  body  is  bimed  nndcr  certain  circumstances,  it 

[does  not  undergo  putrefaction,  hut  diatigcs  into  a  fatty  or  soapy 

ipubstance,  adipocirc.     Attention  was  tirst  directed  to  tliis  tact  itwicM  ofiu 

on  the  occasion  of  exhuming  many  bodies  from  Ui«  cemelery  •'»'*»'""'■ 

of  Iiinoceuta  in  Paris.     Those  whicli  lay  a  certain  depth  beneath  the 

ground  were  found  to  have  undergune  the  change  in  question ;  but  that 

does  not  altogether  depend  on  the  condition  of  the  earth  of  the  grave, 

'as  respects  moisture  or  other  sucli  physical  state,  I  have  myseh'  had  the 

opportunity  of  verifying  in  the  case  of  a  subject  which  had  been  buried 

for  nineteen  years,  and  which  was  disinterred  in  a  condition  of  perfect 

preservation,  so  &r  as  exterior  appearance  went,  but  which  had  been 

wholly  converted  into  adJpocire.     Yet,  irora  the  same  bnrying-ground, 

many  other  bodies  were  disinterred,  but  none  had  tmdergonc  a  hke  change. 

2il.  Wlicii  nitric  acid  is  made  to  act  on  fibrin  apparcaitly  deprived  of 

its  fat,  an  oily  substanoe  is  disengaged. 

3d.  Dtuing  the  action  of  nitric  acid  on  starch,  in  the  preparation  of 
oxalic  acid,  a  like  effect  takes  place,  oily  matter  Iwiiig  set  frce„ 

4th.  Aa  has  been  dc!»cril>ed  in  a  preceding  cliapter,  butyric  acid  may  be 
prepared  from  sugar,  through  the  influence  of  casein,  in  the  preaencu  of 
iCubooate  of  lime. 

Though  the  conversion  of  albumenoid  bodies  into  fat  lias  not  thus  far 
been  distinctly  accomplisUed  in  an  artificial  way,  no  doubt  i»,^^„rtioBol 
||imn  exist  that  it  is  possible.     Indeed,  the  experiments  of  tai  from  oiba- 
lin  and  Virchow  respecting  the  orif^n  of  adipocirc  have  ■""'"'^  i»^^ 
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led  them  to  regard  it  as,  at  all  c^'X!ntB  to  some  extent,  arising  &om  tl4>-^ 
albuminous  constituents  of  the  muscles  being  decomposed  into&tty  adc^^  -^ 
and  ammoniacal  salts.  Wagner,  Donders,  liurdach,  and  others,  have  fir  ■^'"^^ 
nishcd  many  interesting  ex|X'rimGnt3  on  tlie  apparent  transmutation  oci^of 
various  bodies,  such  as  pieces  of  coagulated  albumen,  crystalline  li.iiiiia  ^~^ 
etc,  in  the  abdominal  cavities  of  birds.  These  extraneona  objects  after  "^ra 
time  become  enveloped  in,  and  in  some  cases  permeated  by,  fat^  iiiiIl^  ~f 
rial.  But  that  this  does  not  arise  from  metamorphosis  of  the  prota  S: « 
body  introduced  was  well  proved  by  the  last  observer,  who  employe»^^^=d 
pieces  of  wood  and  the  pith  of  elder  with  the  same  resulL 

Whatever,  therefore,  may  be  the  conclusion  arrived  at  on  the  auH  -'^ 
....  .^  here  introduced — whether,  during  a  special  metamoiphoeia^^E-s, 
And  fat  in  thrir  muscnlar  ti.<<sue  can  pass  into  adipocire ;  whether  from  fibril  ■ 

or  starcli,  by  the  action  of  nitric  acid,  fats  may  be  made,  C' 
whether  these  substances  pre-existed  in  the  material  from  which  they  i 
pear  to  arise,  and  are  only  disengaged  or  set  free — there  can  be  no  qaestioi^c  " 
as  regards  one  great  group  of  animals,  the  camivora,  that  they  find  in  thei^  ^ 
food  a  sufficiency  of  these  hydrocarbons  to  meet  all  their  wants.  It  iac^-J 
as  respects  the  other  group,  the  herbivora,  that  this  question  of  the  arti^ — 

ficial  formation  of  fats  frt)m  substances  in  which  they  did  not  prp-PTint i 

Do  th  h  bi  ^^^  particularly  from  albumenoid  bodies,  becomes  interest—'  - 
nr«  ever  m*ke  ing.  Do  the  herbivora  find  in  their  food  all  the  fat  they  re—— 
"'  quire,  or  are  they  obliged  to  fabricate  a  part? 

The  question  whether  there  exists  in  the  animal  medianism  a  capalnl 

Formation  of  ity  of  forming  fat  from  material  in  which  it  did  not  pre-exiaC 
fkt  by  beea.     j^^y.  ]jg  considered  as  finally  settled  in  the  aifirmative,  after^ 
much  discussion,  by  the  reiwtition  of  Gundclach's  experiment  by  DnmtiF- 
and  Milne  Edwards.     This  experiment  consisted  in  the  feeding  of  beecF- 
with  honey  nearly  free  from  wax,  and  determining  the  quantity  of  fat  in_ 
their  bodies  at  the  beginning  and  end  of  the  experiment,  and  also  th^ 
quantity  of  wax  in  the  comb  that  they  made.     The  following  table  gives 
the  result : 

GnmiM. 

Fat  found  in  the  body  of  each  bee  at  the  beginning 0.0018 

Wax  each  bee  fonsamed  with  the  honey,  not  exceeding 0,0003 

Whole  amount  of  fat  derived  from  food 0.0022 

Wax  secreted  by  each  bee 0.00G4 

Fat  uid  wax  in  the  body  of  each  bee  at  end  of  experiment 0.0042 

From  which  it  appears  that  a  very  large  quantity  of  fat  and  wax  had 
been  produced. 

Admitting  thus  that  the  animal  system  possesses  the  power  of  form- 
The  iTrtem  ^"S  ***<  >*■  '^  probable  that,  under  all  circumstances,  it  carries 
eontinuaiiy  forwanl  that  function,  though  it  may  be  at  dififerent  rates  on 
BMieraieB  ftL  ^ffgrgnt  occasions.     Such  a  production  of  fat  probably  com- 
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TTicnccs  in  the  intestinal  tii1i(\  the  timt<>j-ial  from  which  it  originates  licin^ 
both  nitrogonized  and  noti-ni(rogeni7x-iL  ThuB,  when  ducks  have  Lecn 
fbd  on  albnmen  containitig  but  little  fat,  thd  digested  material  in  the  in- 
testine yields  a  lai^r  proimrtion  of  fnt  than  when  they  liavo  been  fed  on 
clay,  or  even  on  atarch.  If  the  glands  of  tho  intestine  Accreted  fat  from 
the  blood,  it  would  be  detected  after  focding  tlic  birds  with  clay,  and 
hence  we  may  conclude  that  tlio  source  of  tlie  increase  oh»crred  is  from 
the  albumen. 

But,  in  addition  lo  tlio  part  they  thus  make,  a  Inrge  portion  of  the  fat 
of  animals  is  imdoubledly  obtained  ^m  the  food.  This  is  ohvioualy  the 
case  with  caniivora,  and  tho  same  may,  indeed,  be  said  of  tho  In-Tbivora. 

'"Very  many  of  tlic  oleaginous  IxMliea  have  a  doso  chemical  relationsliip 
to  one  another,  so  tliai  they  may  bo  regarded  aa  afforiling  a  scries,  the 
terms  or  memljors  of  which  arise  from  successive  partial  oxidations; 
and  since  the  fnts  are  soluble  in  one  another,  they  freely  mix  together, 
and  tlicrefnrc  n;any  of  them  may  he  found  co-existing  in  the  adipose  tis- 
sues, some  of  them  lcA.4  and  some  of  them  mor?  advanced  in  thctr  prog^ 
teas  of  oxidation.  Whether  they  have  been  derived  from  rum,  rnmub 
the  food  or  by  indirect  processes  made  in  the  system,  it  is  fciunkeawie. 

,  eq^uuUy  true  lu  both  lastaueea  that  tneu*  pnmary  source  was  whirl)  it  b 
iu  the  vegetable  kingdom.     In  the  formtjr  case  they  occurs  ""^"■ 
red  in  the  planl-struuture  as  hydrocarbons,  in  tlie  latter  as  amylaceous 
or  nitrof^nized  bodies.     Under  tho  influence  of  tlio  sunlight  the  vegeta- 
ble tissues  obtain  them  by  decomposing  carbonic  acid  and  water,  and  to 
those  two  substances  they  return  after  they  lutvc  nndcrgonc  destruction 

l-in  the  animal  organs,  thus  presenting  a  significant  instance  of  the  alter- 
nate passage  of  atoms  from  the  inorganic  to  the  organic  slate,  and  back 
Again. 

The  primar)'  source  of  all  fat  substances  is  therefore  in  plants,  which 
obtain  them  from  tiie  decomposition  of  the  inorganic  constituents  of  the 
air.  The  excess  of  liydrogen  which  characterizes  tliis  group  of  bodies  in 
most  instances  is  undoubtedly  deri^-ed  from  the  decomposition  of  water, 
and  this  explains  the  fact,  frequently  noticed,  that  the  development  of 
such  hydrocarbons  iu  plants  is  often  accompanied  by  the  simultaneous 
appearance  of  acids,  for  tlic  hydrogen  being  appropriated  by  the  fonner 
class,  the  residual  oxygen  gives  origin  to  acids  or  is  act  free. 

The  quantity  of  tatty  matter  formed  in  tho  ordinary  articles  of  food 

juscd  by  domestic  animals  seems  to  Iw  amply  sufficient  to  QuanUtyoffat 
naeet  all  their  wants.     If  a  calculation  be  mnile  of  the  amount  '"  ^^^  "J*" 

,pf  such  mate-rials  consumed  by  cattle  during  tlie  process  of  mnii. 

ifottening,  it  will  be  ascertained  that  the  quantity  used  not  only  contains 
sufficient  to  account  for  the  increase  of  weight,  btit  obo  furnishes  an  am- 
ple anpjily  for  the  portion  which  is  destroyed  by  respiration.     Tiie  fats 
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thus  contained  in  plants  are  often  absorbed  with  bat  little  altentii^^rtn. 
Tiie  fattening  of  cattle  with  linseed-cake  gives  rise  to  an  iini  iiiiiiiliilB^M^nn 
in  their  adipose  tissues  of  an  oily  material  of  imaaual  floidiQr,  and  it  ==  i> 
a  matter  of  common  observation,  as  previously  mentioned,  that 
strong-smelling  oils  have  been  accidentally  used,  their  flavor  will  be  ii 
parted  to  tiie  secretion  of  the  mammary  gland. 

The  quantity  of  fat  in  articles  of  food  is  commonly  estimated  by  t^^ — -"^ 
solvent  action  of  sulphuric  ether.     It  should,  however,  be  understo^^*^ 

that  we  can  not  with  correctness  regard  all  the  matters  extracted  by  th '^ 

menstruum  from  plants  as  fat. 

Thus,  either  by  forming  or  by  collecting  fix>m  the  food,  a  8ii|^y  of  1 
The  accumnio-  is  obtained,  and  this  is  absorbed  by  the  lacteal  system  in : 


qulrcj^nhro-"'  "^^""1^  already  described.  But  where  fet  is  adminiatCTEZ^^i 
gonized  Umuo.  in  excess,  so  that  huge  quantities  of  it  are  retained  in  th~  "^ 
system,  a  proportionate  cell  formation  arises  for  the  purpose  of  aflfordinaM^ 
it  a  receptacle.  The  walls  of  such  cells  are  composed  of  iiiliin^i  iiiii  "1 
material,  and  herein  is  displayed  the  connection  between  the  two  frinii"  "* 
of  bodies,  the  albumenoid  substance  and  the  £iit8.  There  is  reason  f~  '"" 
suppose  that  when,  from  the  food,  a  su£Bcient  quantity  of  nitrogenijBOM  ■  ^ 
material  for  this  purpose  can  not  be  obtained,  resort  is  actually  had 
the  musculnr  fibre  of  the  system  itself,  but  when  this  also  fails  the 
accumulates  in  the  blood. 

In  the  artificial  fattening  of  animals,  the  indications  to  be  oomplie^^ 
Ooerai  eotidi-  with  are  very  obvious :  They  are,  1st  To  furnish  an  abundC_— 
Swing <rfM-  *>"*  supply  of  oleaginous  material  in  the  food;  2d.  To  pifr  " 
imftij.  vent,  as  far  as  possible,  waste  by  oxidation. 

The  first  indication  is  satisfied  by  the  purposed  employment  of  oleap— "^ 
inous  articles,  as,  for  instance,  linsccd-cake,  or  by  the  selection,  ajaao^^S 
ordinary  food  substances,  of  those  which,  like  Indian  com,  abound  in  oil  .  i  — 
It  is  to  be  remarked  that  the  increase  of  weight  of  an  animal  may  tak^^^ 
place  in  two  ways :   1st.  By  adding  fat  to  the  deposit  in  the  adipose 
sues ;  or,  2d.  By  development  of  the  muscles.     It  might  perhaps  be 
missible  to  speak  of  the  former  as  adipose  fattening,  the  latter  as  albo-"" 
menizcd.     According  as  it  luis  been  subjected  to  one  or  other  of  thesctf^ 
processes,  an  animal  will  be  very  differently  prepared  for  undergoing  se-^- 
vere  exercise.     A  horse  fed  with  Indian  com  can  not,  under  those  di^— 
cumstances,  maintain  himself  as  well  as  if  he  had  been  fed  on  oats.     Tff 
the  former  case  his  adipose  tissues  have  been  developed,  in  the  latter  hi*- 
muscular. 

The  second  indication  is  met  by  resorting  to  eveiy  expedient  which 
can  restrain  the  action  of  the  respired  oxygen.  A  state  of  perfect  quies- 
cence is  therefore  to  be  observed.  Muscular  movement  of  every  kind  in- 
creases the  activity  of  respiration.     On  the  contrary,  rest  diminishes  it 
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I£  in  addition  to  Uils  state  of  quiet  or  rent^  sleep  likewiae  be  indulged  iu, 
tiiC!  objec-t  is  still  more  |)eHectly  attained  ;  and  if  a  high  tcinjKratare  be 
xmunad  to,  since  this  checks  the  oxidation  needful  for  nuuataiiiiug  tlie 
ayalou  at  ita  due  temperature,  this  oUo  diminishes  the  waste  of  the  &t. 
UdiIct  such  circumstances,  where  every  tiling  is  doius  to  give  a  mijiply 
of  &t,  and  every  thing  to  prcreut  ita  consumption,  it  nmy  be  caused  to 
aocumnUte  lit  the  tissues  to  an  extraordinary  amotict.     liut  —   „       ^ 
Unfl  TCiy  soon  inu-ricrea  with  tlie  action  of  the  hver,  one  of  «i  Ui  u»t  opta- 
Lihe  fiuicttons  of  which  we  liuvc  eeen  is  the  preparation  of  fat.  "* ""' 
KAxid  it  Diay  also  bo  remarked  that  many  of  the  diaeaaes  of  that  oi^an, 
~cepecUUy  those  occurring  in  hot  climatca,  meet  their  explanation  on  tbe 
[«inc3[^  we  are  here  iuculcaliug,  the  state  of  rest  produced  by  lassitude, 
the  VFuim  and  therefore  expanded  air  tiiat  is  breathed,  and  tho  impivper 
resort  to  oleaginous  articles  of  food. 

In  riev  of  the  preceding  facu,  it  may  therefore  l>c  concluded  that  the 
iinterior  eourcci  from  whicli  the  adiiiost!  tissues  are  supplied  „  ^ 

'-  tbe&t  contained  in  llic  plasma  of  the  blood,  into  which  it  UwMnras, 

.  been  j»oun?d  through  the  thoracic  duct,  or  otherwise  ob-  ^tMdnMw- 
[tuaed&om  tlte  digestion  of  food  in  the  small  intestine;  and  t»rarraxi0rBi 
aizioe  the  blood-cells  contain  a  higlier  percentage  of  oily  ma-  **" 
tend  than  the  plasma  {2.2  per  cent,  may  be  extracted  Ironi  them  by  ether, 
eillHr  aa  m  pbospborized  fat  or  glyocro-phuHphuric  acid),  they  constitute 
'  rUErrora  of  supply  to  meet  tho  exigenciea  of  the  system,  tlicrc  being  a 
relation  between  the  quantity  they  can  tliua  retain  ia  store 
I  the  quantity  contemporaneously  cxiHting  in  the  plasma,  a  diminution 
of  which  at  once  establishes  a  drain  upon  the  cells.  Ttius  charged  with 
itihaw  bydrocarbona,  the  plasma  [tasses  wherever  there  are  adipoi%  ccll- 
.  ^enni,  furnishing  to  them  the  ij|iecial  nutriment  Uiey  retjuirc  for  their 
detiJopment  into  fitt-oclls,  the  wall  and  nucleus  of  which  are  dciived  &om 
UK  Uood,  or.  as  we  liave  mentioned,  in  certain  eases  actually  from  the 
'^kucolar  tLuuca.  T)ic  amount  of  fat  wliich  can  tlnis  be  held  in  rcserre 
''^vnds  in  part  on  the  number  of  germs,  in  part  on  the  supply  of  &t 
•'wn  ibe  digestive  organs,  and  in  part  on  the  supply  of  appropriate  ma- 

»**Ul  for  the  walla  and  nuclei. 
When  the  fat  thus  stored  up  is  wanted,  the  cell  wall  in  many  cases 
''^aesces  or  wastea  away,  surrendering  its  contents  back  to  tho  plasma, 
^  probably  much  more  ^equeutly  a  transudation  of  the  hydrocarbon 
'^K^  place  throu^  it,  analogous  to  wliat  iias  been  deecribed  aa  occar- 
^^**^  in  tlie  blood-ccIlH  themaelves.     This  demand  upon  the  ndijrase  tis- 
""^is  may  originate  for  many  reasons,  since  there  may  be  a  iiea.>ssity  fox 
'  "^  in  the  accomplishment  of  the  various  histogcnctic  opcrationa  going 
or  for  thoae  of  rctr(^radc  metamorphosiA,  or  for  the  maintenance 
%  bomud  atate  of  the  blood  as  respects  its  oleaginous  ingredient,  or  for 
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the  prodaction  of  heat  by  immediate  and  final  oxidation  into  caibcz^^iuc 
acid  and  water. 

It  is  not  to  be  eapposed,  however,  that  this  final  oxidation  into  C-  ~3M^ 
Fau  underKo  bonic  acid  and  water  always  takes  place  at  once  or  aibn^^Kpt- 
Sl^inSt^  ly.  Every  thing  shows  that  fats  pass  through  sncctaii-  m 
«T»tcm.  gradations  of  retrograde  metamorphosis,  p^hapa  graduk—Uy 

losing  by  oxidation  two  atoms  of  carbon  and  hydrogen;  and,  inde^i^. 
there  is  reason  to  believe  that,  on  special  occasions,  the  opposite  chan^^es 
happen.  Thus  stearic  acid  may  arise  from  margaric  acid  by  deoxidaticn^n. 
It  does  not  occur  to  any  considerable  extent  in  vegetable  food,  havi_  "^g 
thus  far  been  only  fotuid  in  cacao  batter. 

In  a  summary  of  the  uses  of  fhtty  substances  may  be  mentioned  fc~TiP 
Simimary  of  production  of  a  high  tem]}eratarc  by  oxidation ;  their  ageik—  -^ 
the  oHB  of  f«t.  j^  metamorphosis,  as  displayed  by  the  assistance  they  lezi^Bd 
in  gastric  digestion ;  the  function  they  seem  to  discharge  in  cell  lr=-^ 
which  would  appear  to  be  important  if  it  be  true  that  the  nuclei  ci  boc_^i* 
cells  are  composed  of  fat ;  their  relation  in  the  formation  of  bile,  and  H^^sx 
probable  connection  with  the  production  of  ha>matin.  Among  their  ph^-*"* 
ical  uses  may  be  mentioned  the  equable  manner  in  which  they  propag^^*^ 
pressores  in  all  directions  when  they  are  in  the  liquid  state,  as  is  ofb^^o 
the  case ;  the  manner  in  whicli  tliey  fill  up  vacuities,  and  oommunicate^  > 
roundness  and  solidity  to  the  system ;  their  low  conducting  power  s^*" 
respects  heat,  which  enables  them  to  economize  the  warmth  of  the  bodjs^^"*' 
titeir  diminishing  of  friction  among  moving  parts,  as  in  the  case  of  tt::^^ 
muscles ;  and  that  they  discharge  some  higlily  important  function  ^^^ 
resi^ects  the  nervous  system  is  proved  by  the  manner  in  which  the^^ 
uniformly  occur  in  tubular  nervous  tissue.  In  tlie  general  metamoiph^^" 
oscs  of  the  system  they  seem  to  take  an  important  part.  This  ma^ 
be  inferred  from  tlie  fact  of  their  presence  wherever  cells  or  fibres 
forming. 

From  what  has  been  said  respecting  the  connection  of  the  fitts  with"^^^ 
the  metamorphoses  of  the  system,  it  is  obviously  incorrect  to  r^ard  theu— ^* 
as  constituting  a  ])urply  respiratory  element. 

Conclusions  similar  to  those  which  have  been  stated  respecting  thcS^ 

Smrition  of   ^'cgetable  source  of  the  fats  might  also  be  arrived  at  aa  re 

tiio  nitroccn-  gards  the  source  of  the  nitrogenized  constituents  of  the  sys — 
z      ssuea.    ^^^^    These  likewise  are  found  in  plants;  and  thus,  therefore, 
though  the  carnivorous  animal  may  be  said  to  be  nourished  by  the  (ar- 
cass  on  which  it  feeds,  it  is  nevertheless  strictly  true  that  its  nutrient 
material  is  all  from  the  vegetable  world. 

The  repair  of  muscles,  of  nerves,  of  the  skin,  or  other  such  highly  oi^ 
ganized  parts,  is  dependent  on  the  agency  of  cells.  Since  these  are  un- 
distinguishable,  or  to  all  appearance  perfectly  alike,  it  becomes  a  matta 
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carion^  inqairy  how  they  shouJd  be  able  to  occupy  exactly  the  plaoca 
disdutrge  witli  precision  tbc  functionH  of  tho»G  which  they  arc  re- 
agf  or,  in  the  coae  of  gronih  and  development,  why  tlicy  should 
xfaine  BO  as  to  take  on  a  determinate,  and,  as  it  were,  prcdcstiued  form? 
tow  ia  it  that  i<uch  a  variety  of  structures  spring  up  from  the  same  orig- 
crJt  ?     ITow  is  it  that  the  two  halves  of  tbc  body  have  such  a  nym- 
letncai  conformation  in  a  majority  of  instances,  the  one  being  the  exact 
mtcriMirt  of  the  oilier,  |.n;ciJiarilicrt  which  are  often  continued  even 
ftvr  llie  supervening  of  morbid  conditions,  as  shown  in  iiuch  cases  as 
known  by  the  term  of  symmetrical  diseases,  in  which  a  struct  uxal 
ge  aflbcting  one  side  of  the  iKKly  aflfocts  also  the  corresponding  ])arl 
'  the  otlicr  aide  ?     It  a]){M-ars  to  me  that  these  and  other  such  instances 
unrrition.  growth,  and  development  can  only  be  cxpkined  by  adroit- 
^,  as  a  great  and  fundamental  principle  in  physiology,  that  tlic  prinior- 
gcnn  I>cing  in  all  instances  alike,  its  mode  of  development  will  de- 
pend on  the  physical  agents  and  conditions  to  wliich  it  is  expowd:  a 
lirinriplc  which,  thougli  it  may  seem  of  little  moment  at  the  first  view, 
,taniv><  with  it  consapicnccs  of  the  utmost  importance  at  last 
SeeomL  Of  the  structure  and  development  of  bone. 
The  skeleton  in  man  is  composed  of  246  bones,  which  are  usually  di- 
inio  throe  erouus,  the  Ions,  flat,  and  irregular.     Their  _ 
arc  purely  Tnechanical,  snch  as  to  give  support  to  the 
r*ofi  jarts ;  to  serve  as  levers  on  which  tbc  muscles,  by  their  contractions, 
'may  art, 

hi  structure  bone  offers  an  imperfect  division  into  the  compact  and 

i^Ongy.     The  comikact  is,  however,  a  jtorous  mass  full  of  celts  stniciim  vt 

Mni  passages.     Tlirough  it  tlioro  pasa,  more  particularly  in  ****• 

tbcloiigitndinat  direction,  canals  for  containing  blood^vcascls  and  nerves: 

thty  tie  called  haversian  canals.     These,  which  arc  well  seen  in  a  thtn 

inatTcnie  acction  of  bone  as  irrcguliir  circukr  oj)»;niiig8,  arc  flurroundcd 

witA  Lunellip,  and  in  the  basis  substance  occur  hollow  spaces,  the  lacunce, 

^'Bieli,  preeenting  a  dark  aspect,  were  fonitcrly  mistaken  for  solid  corpus- 

*•;  the)'  are,  however,  cavilics  from  which  proceed  minute  channels  or 

^^UlicuU.      In  fonn  the  lacuiue  are  irregularly  oval;  the  cannliculi  of 

|wte  noarest  to  the  Imversian  canal  conimnnicatc  directly  with  its  car- 

"•yfiiul  there  is  bo  complete  an  inosculation  bctn-rrn  adjacent  lacons^ 

W  ncoas  of  these  delicate  tubes,  that  the  whole  so-called  compact  struc- 

1*^  of  the  bone  may  be  said  to  present  a  connected  system  of  lacuiux- 

••d  oualiculi. 

^Ix  diameter  of  these  delicate  channels  of  intercomnmnicattOD  is  much 
loo  iBiill  to  permit  the  passage  of  blood-celK  yet  through  them  the 
P'"*Qi  readily  finds  its  way  and  thus  carries  forward  tlie  nutrition  of 
'^"eirtirBbooe. 
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Fig.  1 09  ia  a  j>hotograpli  of  a  Iransveree  section  of  part  of  hnmnn  /b- 
mnr,  ehowing  the  Imvorsiaii  canals  surrounJed  by  tlieir  concentric  lamel- 
]«v  lacunic,  and  cftnalicuJL  The  complet«;  perviotuMicaa  of  llio  atructun; 
is  dcmon8tr(ito<l. 


Tranft'CTWi  ««llon  of  bontt,  mtB^iUml  OAAaniiteK  Lacnnm  wtd  cmnalleoU  fMa  frntalbMNi 

Fig.  110,  lacutiui  and  canaliculi  of  hninan  frontal  hone. 

In  chemical  constitntion,  bone  lofty  be  considered  to  bo  coinpo«»ed  of 
Ch«mlc«l  egm-  *■"""  Portions,  organic  and  mineral :  the  former  ih  gluten,  and 
[KrtitiMi  tA        in  the  latter  phosphate  of  Hmc  greatly  predominotes,  ae  tlie 

*'  following  analysis  by  BcrxcJius  shows : 

Amilgni  of  lioMf,     (^Vrru&tt.) 

CartfliigQ  (or  gluten) 33.17 

BiMd-raseb LIS 

FbcaphAle  of  limo.... „..: „ Bl.&t 

CubonMo  or  lime « 11.30 

Flnoritl?  of  cfllcinm ,..,., .„.. 3.00 

11it)a|>lintR  cT  mngn^RU , ,., 1.18 

Soda,  chloride  of  aodiam  ■■..it.m.fc.n.....iit.n.i......     1.20 

100.00 

An  inatmrtivc  wparation  of  bone  into  its  Icadinjj  ronstitupnt.'i  mayhi* 
SmamOMct  ^complislicd  by  the  action  of  hydrochloric  arid  or  by  cftl- 
itsMKunc  «nd  cination  reapectiveJy.  When  &  bone  is  aoaked  in  dilntc  hy- 
(•rthy  l)Me«.  drochloric  acid  for  a  due  length  of  time,  its  mindral  conatitu- 
ent  is  removed,  and  the  organic  glutun  is  left  in  the  shape  of  tho  original 
bone;  or,  if  the  bone  be  calcined  in  the  open  fire  with  fn?e  access  of  air, 
tlic  organic  material  is  consumed  and  the  mineral  materia  rcmnins.  A 
more  critical  pxaminatiou  shows  (hat  these  conatiiucnts  are  not  merely 
aeeociatcd  together — they  are,  in  reality,  chemically  combined. 

The  diifcrcnt  degrees  of  aofhieas  and  hardness  which  bones  from  ^- 
fcrcnt  animals  present  depend  very  considerably  on  tlje  amount  of  cra- 
ter they  contain.     The  gluten  is  doubtlcsa,  in  all  instances,  derived  from 
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'  the  mrtmnorphosis  ofannunrnoid  bodice,  n  oonclnsion  wliich  ^^  .     ,^^ 
well  iUnstrated  by  what  we  obseire  in  the  caso  of  the  in-  co:«ni<;  luut 
ihftting  f£g.     In  the  adult  the  aoitrcc  of  the  bonc-oarth  is  "^^^^  '"""*'■ 
'otold :  in  part  it  is  dcrivc>(l  6-o«n  the  foo<I,  nntl  in  part  obtained  from 
lit*  rciuodelin^  and  changes  of  Uic  bones  thcniselvca.     In  njH'aking  of 
cDoipoflhioD  of  milk,  wv  have  ulrcady  dcttchbud  iiow,  through  the  ca- 
of  tliat  secretion,  a  siip{ily  of  pbosphato  of  linie  is  seoired  for  in- 
life. 
At  its  6rBt  formation,  bone  consists  of  a  gplniinons  material,  which  grsd- 
[lully  becoiuni  condensed  and  ccllalar,  prciKnting  what  is  tmncd  the  cartj- 
jous  slate     In  this  material  vascular  canals  arise,  w hicb,  ti,,  ,,,«»»•  of 
itrating  towonl  one  spot,  give  origin  to  the  point  or  "iw""*"""!!. 
of  ottaification.     Simultajieooely,  the  structure  of  Uie  cartilage  be- 
modificd,  its  nucleated  cells  are  elongated,  nucleoli  arising,  and 
lex  cells  forming.     Thuw  reach  maturity,  and  are  separated  from 
>  another  by  the  material  derived  from  the  deli(|uescpncu  of  their  pa- 
nt celift.  which  has  aimultaneously  been  taking  plnce.     Tbo  progrens  of 
rhangcjt  may  be  studied  by  examining  the  calcifying  cartilage  near- 
\tui  nearer  to  the  point  of  ossification,  to  which,  as  we  approach,  we 
Ind  that  the  cells  Wcomc  more  and  more  numerous,  a  general  arrange- 
irnX  into  a  columnar  form  licing  now  ap|iarent. 
Thv  deposit  of  mineral  material  coniiiience^  at  the  point  of  ossification, 
1  proceeds  between  the  columnar  arrangement  of  cells,  lateral  branch- 
between  the  iudividuai  cells  being  auoocssivcly  given  off)  a  bony  nct- 
'<A  thus  arising  which  is  ptTvions  in  every  part.     In  the  human  em- 
the  cartilaginous  stage  is  completed  in  the  sixth  week,  and  ossifi- 
commencca  first  in  the  clavicle  during  the  seventh. 

J^iff.  1 1 1,  pci-pendieiilar  section  of  (he  ossifying 
border  of  the  shaft  of  the  femur  of  a  child  a  fortnight 
old:  a,  cartilage  in  which  tliu  cells,  tlie  noarer  they 
arc  to  the  ossifying  bonier,  ore  in  more  extended 
longitudinal  rows;  £,  ossifying  border:  the  dork 
streaks  indicate  the  progrcssivo  ossification  of  the 
intercellular  suluflancc,  the  clear  ones  the  cartilage 
ceUs,  whicli  ossify  subsequently ;  c,  compact  layer 
of  bone  near  the  ossifying  border ;  </,  the  suWtantia 
spongiosa  tbniicd  in  the  osseous  subtttance  by  ab- 
sorption, with  cnnculli,  ^  #,  the  contents  of  which  are 
not  shown.  (KoUiker.) 
K  ^ffraiV  #V  ^^*  '  ^  ^'  photograph  of  ossifying  cartilage,  the 

H^  '"ii  w~  dark  [wrlions  showing  the  regioD  of  complete  Ofwifi- 
V^iufiAdiaMiMi.  cation.  The  columnar  arrangco^t  of  the  cartiliige 
■rrll*  u>  rrxy  apparent. 
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Oidl^os  tartlUip.  DiAfMifcd  U  dtunoum 

Fig.  113,  fctnnr  of  «  child  a  fortnight  old,  natu- 
ral size:  a,  itji1)stanlia  coiTi|Nicta  of  the  shal^;  A, 
iiiedullarj'  cavity ;  r-,  substjintia  apongiosa  of  the 
abal't ;  t/,  carlilagiiious  ejjiphj'SJ!*,  witli  vascular  ca- 
nals; 0,  osseous  nucleus  in  the  iiiferior  epiphysis. 
(Kollikcr.) 

When  silver  rings  are  placed  upon  the  shaft  of 
lirowihoT  a  growing  bone  at  a  measured  dis- 
luwriMiaa  **"'^'  8u>iM*quent  examination  shows 
nud4«f.  tliAt  that  distance  still  remains  tlio 

tfame,  ibougli  t!»o  bone  may  have  become  much  o^^tajhw-r. 
longer.  If  such  a  ring  be  permitted  to  remain  a  sufficient  period  of  lime, 
it  will  evcntuaUy  be  found  in  the  interior  of  the  l>onc,  Wben  madder 
is  mixed  with  the  food  of  pigs,  its  coloring  matter  so  unites  with  the 
pliortiihitte  of  lime  of  their  bones  as  to  impart  to  them  a  red  tint.  If  the 
Hiilinal  submitted  to  the  experiment  be  very  young,  tlie  whole  skeleton 
may  be  tingt»l  iu  a  single  day,  a  more  close  examination  showing,  liow- 
nver,  88  iiiighl  be  exjwcti'd,  that  the  jiortiou  most  completely  acted  upon 
is  that  nearest  to  the  vascular  surfact^.  In  older  animals  the  coloring 
goca  on  more  slowly ;  the  portion  wiiich  shows  the  *^ect  most  striking^ 
ly  is  between  the  shaft  and  exiremitics,  more  particularly  upon  the  sur- 
face. If  the  madder  be  given  periodically  and  then  withheld,  alternate 
layers  of  a  red  and  white  appearance  arc  produced. 

From  these  experiments,  it  may  be  infeired  that  the  growth  of  a  bone 
'ondueionB  is  not  uniform  in  all  parts.  Voung  bonrs  gmw  chiefly  toward 
iwdTexpwi.  *^*'*  extremities ;  nor  is  the  growth  cumulative,  the  parts  al- 
iwBU.  ready  deposited  being  ever  ailer  peserved ;  for,  if  that  were 

the  case,  it  would  not  be  posaibic  for  a  ring  placed  in  such  a  nianm-r  as 
has  been  described  to  tind  its  way  into  the  medal lary  canaL     For  that  to 
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MCOT)  tiicrp  nmst  Lavo  been  an  absorpliori  or  removal  of  tlKi  preexisting 
|j«rt&     The  tiugiiig  by  madder  tihows  that  growth  is  tnking  place  wlipr- 
erer  the  plsfiua  of  the  blood  can  have  access,  and  thici  not  ulonc  upon 
Itbe  prD)>ejr  TasciUar  surfaces,  but  also  interstitially. 

It  thtu  appears  tliat  bone,  solid  and  dense  as  it  is,  in  the  aeat  of  con- 
idmI  changes,  which,  though  ihey  may  go  on  with  more  activity'  in  the 
jwing  state,  take  place  aUu  when  the  structure  has  reached  nuiturily 
ajiparBllt  perfection.      From  one  portion  a  part  is  removeii  on  another 
aro  made,  the  method  by  which  this  is  aecoinpliKhcd  being 
h  tlie  accem  of  the  blood-plasma,  which  linds  its  way  to  every 
by  rea»on  of  the  pervious  stnieture  of  the  masa. 
As  to  the  sources  from  which  the  phosphate  of  lime  is  derived,  though 
uWcM  the  food  offers  it  In  con«idcral)Ic  quantity,  there  are  g„^  ^^ 
jy  reasons  for  inferring  that  the  ideuticjil  portion  which  wkirbmBwrUl 
been  removed  Ironi  one  part  is  use*:!  for  the  extension  "  '"'^   " 
[p(  anotlier ;  and  thus  wc  may  say  that  there  is  a  plastic  operation  con- 
ItinoaUy  going  forward,  a  rcuiudeUug,  so  as  to  adapt  the  Ktnictare  to  its 
larr  conditions  if  hi  a  gro^t'lng  animal,  or  (o  maintain  it  in  good  repair 
[if  in  an  aduli. 

Taming  from  tlic  two  cases  with  which  we  have  been  thus  occupied, 
li*  dcw!oi)mcnt  and  maintcneneo  of  the  adipose  and  wseons  tissues,  to 
the  [jJienomena  of  nutrition  generally,  we  may  conclude  that  there  arc 
K*cnl  iMjurocs  from  which  material  for  these  purposes  may  be  derived: 
•  pirt  may  be  obtained  ly  absorption  directly  from  the  food ;  a  part  may 
btmimfactared  or  fabricated  in  the  system  itself,  or  may  be  taken  from 
Ktne  locality  therein  in  which  it  has  become  redundant  or  usclesa,  and 
tutored  elsewhere  to  the  f^oint  at  whirh  it  is  required. 

Tbe  nediam  througli  which  IhcM?  athliiions  aiirl  exchanges  for  the  pur- 
fttt  of  development  or  remodeling  are  aceomplislied  is  of  coarse  the 
blood.  It  hcara  with  it,  wherever  it  circulates,  the  aubi«tanccs  that  ore 
4tBMnded — fibrin  for  muscles,  bone-earth  for  the  skeleton,  fat  for  the  ad- 
ipooe  liasoea. 

iiiemains  for  us  to  inquire  into  the  law:4  of  deposit  and  development 
WtoItoI  in  these  prooesses,  that  is  to  say,  why,  for  ejcanq)Ie:,  p^^^^  ^^  ^^ 
■  fboaphato  ctf'liroe  laid  down  nt  the  points  where  the  phos-  v>iof>«iMj 
pfcue  of  lime  has  been,  or,  if  growth  be  taking  place,  why  Ii.ll'ii.Ii'rte^ 
■*  tbe  accretions  arranged  in  a  definite  way  both  as  respcels  «'  phv^fcal 
*'K  wd  shape  1     Upon  this  inquiry  1  do  not  propose  at  pres- 
**  to  enter,  since  it  is  elosely  connect*^  with  the  general  doctrine  of  de- 
'(^anent,  which  will  have  to  be  considered  in  detail  in  the  next  book. 
^«rf»ll  then  find  that  reasons  maybe  assigned  for  the  deposit  of  given 
"AMueea  in  places  that  have  been  vacated  by  others  of  tlie  same  kind, 
**■!>  llifl  nutrition  of  muscles.     We  shall  also  then  have  to  consider  the 
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Uwa  of  dei'elopmcnt  from  a  much  more  extensive  point  of  view,  intro- 
ducdng  the  doctrine  of  the  itaraniount  inlluencc  of  physical  causes  in  thia 
respect,  and  perhaps  we  eiiall  lind  oundveii  brought  to  the  conclusion 
that  the  progressive  career  of  a  cell  is  abftolutcly  ilcpcndeiit  on  the  phya- 
ical  oonditiona  1o  which  it  la  exposed,  and  that  there  ie  nothing  oxtraor- 
dinarv  in  the  ciraimstanoe  that  two  coils  placed  under  conditions  which 
are  alike  will  develop  alike ;  that,  therefore,  a  part  which  is  being  repaired 
will  have  its  additions  made  in  the  same  places,  of  the  game  material,  to 
the  same  extent,  and  of  tlie  same  form  as  thu  part  which  had  been  re- 
moT6d.      • 


CHAPTER  XIV. 

OP  THE  NERVOl!S  SYSTEM. 

Dkitioiu  <if  tht  Wtrvma  Sgttfm. — Ctnbro-afn»etl  amtt  Sywipathrti^.-^FSimia  <md  Pn^nAir. 

Strvebtre  and  f 'Marttoaa  of  Nerve  ^'U)T«*. — Ofntriitital  and  OaOri/urftil. — Jtntt  itf'  <  'muhuiilnKty. 

AJt^eaieal  Examination  ^'  thi  Stmttvee  tmd  /'imrttMf  ^  Ntmt  Vuidtt. — Tl^r  iUffmat  Inflm- 
flMM,  an  ifapasmm  nf  Fortt. — Ehamt  ^  Time  inttwhetJ  If/  H^/uUmn  Gan^tSa. — Orida- 
tun  ntfttaary  to  Ntnv  AcfMt^. — ytrvtriiii  of  Jtvpair  amt  Itfl- — EiKtrttvt  JCmmintukm  o^ 
ikt  fwnSWU  of  \'t/fith*.-^AiiBfoitnt(d  and  Kirtiri^  Kfiiaiimiii(mJi  tiyrtr. 

AMiomatic  AtTv  Arc.—CtUulBtl  Nirvt  An. — MuUipte  Arva, — Otammnrm.^Seg\tiirwis  Nmt 
Arv». — iiftiioritiw. — Injhtentiai  Arc 

Svggtttiunt  deritivt/rom  etr^ral  Sfrnetim  rajpecfuiy  Uk  Soitt^lu  mtpoicfeql  Exitlt'Ke  and 
itmtmtrtahlg.  , 

Ttka*  <jf  Tinu!  anJ  Spiuv. —  Objtr^in:,  mbjtriictL,  and  imprrmmal  OpTotioun.—  Vtttiyu  of  Itn- 
prtanma  imd  Aeir  JtUerpmatian. — FiuUr  \titHrt  0/  Km^t-ltd/jt. — Mtntal  /Jiiohona. 

The  parts  and  fruicttona  which  have  been  thus  far  described  stand  in 
tniportnnwi  of  '*u^ord''"»tiou- *<>  ^^  important  system  on  the  study  of  wliicli 
tiio  ii«r%'uii«  we  now  enter.  It  may  be  truly  iKiid  that  the  position  of  any 
lyrtom.  animal  in  the  scale  of  life  is  directly  dependent  on  the  de- 

gree of  deyclo]iiuciit  of  its  nervous  svHlem.  Through  tliis  it  is  brooght 
in  relation  with  the  external  woriil,  deriving  sensations  or  impressions 
thereironi ;  tlirough  this,  alao,  all  voluntary  muscular  contraction  takes 
l^aoe.  Whatever  the  grade  of  intelligence  may  be,  the  degree  of  devel- 
opment or  expansion  of  the  nervous  aystem  is  in  clow  coirespondence 
thereto,  from  tlip  lowest  conditions  in  which  it  is  first  majuug  its  appear^ 
ance  in  tribes  which  are  scarcely  distinguishable  from  vegetable  forme, 
up  to  its  highest  elaboration  in  the  cerebro-spinnl  system  of  man. 

The  physiologist  lias  to  confess  that  in  this,  which  is.  without  doubt, 
imporfoct  wo-  ^^^  "'^^*  important  part  of  liia  science,  the  amount  of  what  ia 
dition  of  tU  known  with  exactness  is  limited :  indeed,  so  great  an  obscu- 
wtjwrt.  j^j,^  ^tG&\)^  u|wn  (lie  functions  of  the  nervoiia  system  that  he 

has  to  content  himself  rather  with  the  description  of  structun.^  than  otlcr 
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i'le  «A{)l«iution  of  aciioi>.  Yet  eveo  now  a  few  leadiag  facts  have  been 
ddenoiueiU  wLicli  furualtadow  the  atlilude  in  wluch  the  whole  subject 
liU  stnncl  vrhvn  it  comvit  to  be  b£tlc>r  understood.  Among  tiiese  may 
teoDiuben:d  tJm  localization  of  apeciui  limctions  in  special  parts  of  tlie 
DETTOus  oentrca.  aa  wfls  ol>scrved  by  f  Jail ;  thti  double  office  of  the  spinal 
Kfvcs,  firat  recognized  by  IJt'll.  Ihat  their  anterior  roots  are  motor  and 
pMlcirior  sensory ;  the  conversion  of  impressions  made  at  the  periplwiy 
iaio  motions,  reflex  action,  as  it  lias  becii  termed,  tirst  clearly  recognized 
\ij  lUU ;  tlie  relation  of  tlie  ganglia  at  the  base  of  the  brain  to  the  cer» 
bim  and  the  spinal  cord,  as  shown  by  (Carpenter;  and  particularly  the 
gpueml  condition  on  which  the  activity  of  the  entire  svHtcm  dr|)euds« 
tbt  it  andergoca  oxidation  or  waste,  and,  among  other  products,  gives 
■igin  to  salts  of  phosphoric  acid. 

For  ibe  sake  of  convenience  of  descriptioTi,  the  nervotw  system  is  nsu- 
>flir  regarded  as  consisting  of  two  portionn,  tlic  ccrcbro-spi-  jutuioo  rf Uw 
nal  and  sympathetic.  The  former  is  composed  of  the  spi-  ci*rraui«j-auin 
■I  oofd,  tlie  brain,  the  nerves  proceeding  from  them,  and  ^lo^mT" 
ihdr  ganglia;  the  sympathetic  is  composed  of  a  scries  of  'Tvpa'betJc. 
pngjia,  united  by  interuininmnicating  threads  on  each  side  of  the  Tei> 
titnl  oolumn^  and  supplying  branches  to  tlie  coats  of  the  blood-voBsela 
■od  nscem  of  the  great  ca\'itics.  Uoth  portions  contain  two  kinds  of 
flnictttre,  a  fibrous  and  a  vesicular.     The  latter  is  found  in  „,  . 

TDioQS  situations ;  Clicformer  serves  to  connect  those  mass-  rpaknJar  luuiv 
«  with  one  another,  or  to  furnish  means  of  communication  '""' 
from  {Mint  to  point ;  the  office  of  tlie  ganglia,  or  nervous  centres,  is  for 
Um  reception  of  imprcAsions  and  the  origination  of  motions.  In  the 
bnin  the  impressions  of  externa]  circumstances  are,  as  it  were,  registered, 
Utd  fnm  it  originate  the  proci;^«sed  of  intellection. 
I  Tlie  study  of  this  portion  of  the  mechanism  of  man  brings  ns  therefore 
ouitact  with  metaphysical  science,  and  some  of  its  funda-  ■-    or 

dogmas  wc  have  to  consider.  Nearly  all  philoso-  miiaiiliTElcal 
Piwn  who  have  cultivated,  in  recent  times,  that  branch  of  P"'*»»»I'*».'^- 
^nnrirdgo,  have  viewed  with  apjirchcttsion  the  rapid  advances  of  physi- 
^Ic^,  foreseeing  that  it  would  attempt  the  Itital  solution  of  problems 
^'Itich  liavo  exorciBcd  tlie  ingenuity  of  the  last  twenty  centuries.  In 
'^  they  are  not  mistaken.  Certainly  it  is  desirable  that  some  new 
''Mitod  should  be  intro<1uced,  which  may  give  point  and  precision  m 
^liatever  nwtophysical  truths  exist,  and  enable  ns  to  distinguish,  sepa- 
'^'^  and  dismiss  wliat  are  only  \'ain  and  empty  speculations. 

8d  fiir  from  philosophy  being  a  forbidden  domain  to  the  physiologist. 
*t  iti^y  \jQ  Bflserted  that  the  time  has  now  come  when  no  one  is  entitled 
^  gJipiciia  an  opinion  in  philosophy,  except  he  has  first  studied  physiol- 
i^^Kjr.     It  lias  hitherto  beoi  to  the  detriment  of  truth  that  tlicac  proccBSCB 
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of  positive  invpstigation  hare  hctm  rcputlmtcd.  If  from  tlifl  constraction 
of  the  human  "bmiii  wc  may  demonstrate  the  existence  ot*  a  *oiU,  is  not 
lJ»t  a  gain?  for  lliere  are  many  who  are  open  to  argoments  of  thij 
class,  on  whom  spcculatlvo  reasoning  or  a  mere  dictum  fall  without  any 
weight.  "Why  should  we  cast  aaide  tlic  solid  facts  presented  to  us  by 
raaterinl  objects?  In  his  communications  throughout  the  uitivene  with 
us,  Qod  ever  oiatcriali/es.  He  equally  speaks  to  us  tlirough  the  thou- 
sande  of  graceful  organic  forms  whicli  arc  scaltcn^d  in  profiuflou  over  the 
surface  of  the  earth,  and  throngh  the  motions  and  appoarancos  prtrMnted 
by  the  c<^]<?8tial  orbs.  Our  noblest  and  clearest  conccptiona  of  his  attri- 
but^A  have  been  obtained  from  thcac  material  thing*.  1  an)  persuaded 
tliat  tlic  only  jjossible  route  to  truth  in  mental  philosophy  is  through  a 
study  of  the  nervous  nieclianlsni.  The  experience  of  3500  years,  and 
the  writinffs  of  the  great  inetaphyaical  iutellecle,  attest  with  a  melancholy 
cmpluisis  the  vanity  of  all  oilier  means. 

Whatever  may  bo  said  by  speculative  philosophers  to  the  contrary, 
the  advancement  of  metuphyRics  is  through  the  study  of  physiology. 
What  sort  of  a  science  would  optics  ha\e  been  among  men  who  had  pur- 
posely put  out  their  own  eyes  ?  What  would  have  been  the  progress  of 
astronomy  among  tlioHe  who  disdained  to  look  at  tlie  heavens  ?  Yet  tliat 
is  the  preposterous  course  which  has  been  follnwcd  by  the  KO-ealltHl  phi- 
losophers. They  have  given  us  imjjosing  doctrines  of  the  nature  and 
attributes  of  the  mind,  in  absolute  ignoraucc  of  its  material  substratum. 
i.>i'  the  great  authors  who  have  thus  succeeded  one  another  iu  ephemeral 
celebrity,  how  many  made  themselves  acquainted  with  the  slructtire  of 
the  human  brain  ?  Doubtless  soma  had  been  so  unfortunate  as  never  to 
see  one !  yet  that  wonderful  organ  was  the  basis  of  idl  their  speculations. 
In  voluntarily  isolating  themselves  from  every  solid  fact  which  might 
serve  to  be  a  landmark  to  them,  they  nmy  be  truly  said  to  have  sailed 
upon  a  shoreless  sea  firom  whicli  the  fog  never  lifts.  The  only  fact  which 
they  teach  us  with  certainty  is  that  they  know  nothing  with  certainty. 
It  is  the  inherent  difficulty  of  their  method  that  it  must  lead  to  unsub- 
stantial results.  What  is  not  founded  on  a  material  eubstralum  is  uec- 
essarily  a  castle  in  the  air. 

Beturniug  now  to  (lie  general  description  of  the  nervous  mechanism, 
and  following  the  division  above  indicaicJ,  we  shall  consider,  first,  the 
fibrous  element  of  the  ner\'ouB  system,  and,  second,  tlie  veaicidar. 

First  Of  tho  fibrous  there  arc  two  varieties,  one  belonging  to  the 
Rlinma  or  lu-  ccrebro-spinal,  and  the  other  to  the  arapathetic.  The  for- 
buUr  portion,  mer  may  !«  described  as  a  delicate  membranous  tulw  contain- 
ing a  semi-fluid  material,  and  presenting  under  the  microscope  a  pellucid 
glassy  appearance  when  examined  in  the  recent  state ;  a  spontaneous 
separation  or  partition,  however,  soou  ensues,  a  white  material  or  mudul- 
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la  ap))earmg  imincdiatcly  witliin  Uie  membranous  tube,  and  aflhrding  a 
cuntntKt  to  Ihc  purlions  which  are  toward  the  centre  or  axis.  In  tlii? 
BtatP  the  ner\*e-tube  prescnta  tlic  ap|icarancc  of  pnrollc!  lines  toward  lu 
|ieripbcry,  tiic  outer  one  corresponding  to  tlic  membranous  MohiImm*, 
dhcatli,  and  the  inner  to  thr>  internal  limit  of  the  coagulated  '^"'«»'«'"" 
matenal.  in  this  condition  Ihc  tube  is  ver>'  prone  to  &&-  axucj-iihiIm. 
sumc  a  beaded  ap|M:arance,  either  by  thu  influence  of  preaaure,  or  even 
spontaneously.  Names  IiJive  been  given  to  distinguish  tliese  ])arls  &oni 
each  other ;  the  central  gra^'ish  |)ortion  is  colled  the  axis  cylinder  or  axia 
band,  ainee  it  may  be  of  a  flattened  ithn[]e;  and  the  material  wiiicli  bup- 
rtinnds  it,  intervening  between  it  and  the  membranous  investment,  is  des- 
ignated the  medulla  or  white  subatance  of  Schwann.  There  ci;n  be  no 
doubt  that  the  membranous  tube,  the  white  subdtonco,  and  the  a-Tis  cyl- 
inder discharge  different  physiological  functions.  In  chemical  comiiosJ- 
tion  they  also  difter :  the  tube  is  a  nitrogenized  structure,  the  white  «ul>- 
stancc  olcaginou.s  and  the  axis  cylinder  is  supposed  to  be  nitrogenized 
also,  Lt  the  first  duveloputent,  the  axis  cylinder  is  first  formed,  and  the 
fvliite  Bubstuiico  then  cast  round  it. 

fm.  (u,  lt"aportion  of  a  nerve,  a, /^ijr.  114,  be  placed 

in  concentrated  acetic  acid,  the  axis  cylindcisof 
its  included  tubo»  will,  in  tlio  course  of  a  day 
AstieyiifldttafBtmZ  ^^  ^^^^  ^^  j,p^.„  protruding  in  a  brusli-lilce  form, 

as  at  A,  the  effect  being  very  well  shown  when  the  nerve  is  sufficiently 
slender  to  be  sub8e<iuently  examined  by  the  micro8co|>e. 

The  nen-e  fibres  run  In  a  direct  course  to  their  pyinl  of  distribution. 
Of  their  manner  of  termination  we  shall  speak  aubsequently  ;  'r,„„i„j 
here,  however,  it  may  be  remarked,  that  occasionally  tliey  ex-  kmnchiBin  of 
hibit  pnijMinitory  terminal  branchings,  as  shown  in  J^i^.  115,  "****  "*" 
p.  2C2,  observed  by  KoUiker  in  tlio  case  of  the  frog :  a,  a  being  bifurca- 
tions, 6  a  trifurcation  of  a  small  twig  from  tlio  cutaneous  thoracic  muscle. 
Similar  subdivisions  of  the  ultimate  ramifications  liavc  been  noticed  in  the 
arophioxus,  fi<thcs,  inacctn,  and  it  is  certain  that  they  also  occur  in  man. 

The  shciith  of  the  nerve  fibres  is  an  elastic  membrane,  wliich  is  nei- 
ther acted  on  by  dilute  alkalies  nor  by  boiling,  but  is  solu-  fibnmkoi  reM> 
ble  in  concentrated  acetic  acid  and  strong  solutions  of  pot-  p^of.(j„ 
ash  and  soda.  By  nitric  add  it  is  stained  yellow,  and,  thougli  iii>na. 
not  identical  with  elastic  tissue,  baa  a  certain  resemblance  thereto,  ap- 
proaching, however,  more  nearly  to  a  protein  substance.  The  ajtis  cyl- 
inder is,  as  is  shown  by  its  behavior  with  reagents,  a  protein  8ut>stance, 
differing,  however,  from  syntonin  and  also  from  blood  fibrin.  From  tlie 
latter  substance  it  is  distinguislied  both  by  the  difBcidty  with  which  it 
dissolves  in  acetic  acid  and  in  a  solution  of  nitre,  from  the  former  by  its 
insolubility  in  hydrochloric  acid. 
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Subdivlilaii  of  onm  ftbnt  In  tb«  ttitg,  maxnited  SM  dtUHWn. 

Of  BQcIi  filing  arranged  parallel  to  each  other  in  liundles,  tlic  bundles 
united  by  fibro-wllulnr  tiasue,  nerves  are  compoBcd,  the  tissue  not  only 
aceompIifiUing  that  mediantoal  objtiot,  but  also  affording  a  nidna  for  blood- 
vessels, which  ran  in  a  ccmrsw;  parallel  to  the  nerve  fibrca.  Though  we 
Fonn  ud  ttm  Iiave  spoken  of  those  fibres  as  cylinders,  they,  in  roalttj-,  ap- 
rfaorro  fibres,  proach  more  nearly  to  the  figure  of  acute  cone?,  since,  thongh 
their  diameter  is  from  the  j^^jj  to  tlic  5t)*ijc  of  an  inch  in  the  nerve 
traoks,  they  diminiBh  to  tlie  -j^^^  or  the  ^-^-^^^  of  an  inch  as  they  reach. 
the  nen'e  centres,  and,  in  the  same  manner,  their  diameter  becomes  less 
aa  they  lirnnch  otf  in  ihfir  peripheral  dititribution.  In  the  brain,  as  they 
pass  through  the  niodulla  to  the  cortical  part,  they  exhibit  a  simitar  dim- 
inution. 

The  sympathetic  6brc3  differ  fiwrn  the  preceding  in  appearance.  Beirg 
Ch  i»  of  "'"  **  ?'cl'o™'i*^*g"iy  color,  and  only  about  lialf  as  large,  they 
arni|«Uietic  do  not  show  the  separation  into  nn  axis  cylinder  and  white 
*****  investment  after  death,  a*  is  the  caAC  with  ccrebro-sjiinal 

fibres ;  they  may  therefore  be  regarded  as  being  more  homogeneous  in 
their  conjitructiou,  or  potwessing  a  constitution  hke  that  of  the  other  kind 
of  fibres  when  they  undergo  diminution  and  approach  their  central  or 
pcriphornl  termination.  Kven  in  the  cerebro-apinal  fibres  tlie  quantity 
of  white  subatanoe  present  is  very  variable ;  the  retina,  the  olfactory  oi^ 
gan,  and  the  Pacinian  corpuscles  fnmish  instances  of  its  absence.  The 
sympathetic,  gray,  or  gelatinous  fibres,  as  they  are  indiflerenlly  called, 
contain  many  nucleated  corpuscles,  which  may  be  rendered  very  distinct 
by  the  action  of  acetic  acid. 
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Nerve  fibres  temiiiintc  in  various  ways.     Tlieir  ends  may  thin  out  and 
become  free,  or  Ihey  may  form  a  loop,  and  bo  return  back  in  m.„„  ^ 
their  course     Kacli  iiervo  runs  in  an  unbroken  line  from  its  t«nDiiiul«a  tt 
origin  to  ita  termination,  but  between  the  adjacent  ones  in-  '^""'  ^^^'^ 
tercommunication  i«  eatabliaUcd  by  the  tbnnation  of  pipxnscs.     On  the 
otiier  hand,  aa  the  fibres  are  jircporing  to  enter  the  nervous  ccnttvsi  the 
membranoua  tube  dilates  so  as  to  receive  a  nerve  vcaiclc,  m^^.  j 
with  wliich  the  diaphanous  axis  cylinder  is  thus  brought  In  o«i>aoaorTcd- 
contact.      Where  corpuscles  are  re<;eivcd  into  the  uieuibraa-     '"" 
oue  sheath,  it  is  not  always  ceiluiu  but  that  the  fibre  has  sorao  other 
termination  beyond.     Some  have  supposed  that  sensitive  fibres  differ 
froni  t)ic  motor  ones  in  tho  circumstance  that  the  former  alone  are 
brought  in  connection  with  the  eorpusclea,  but  tliis  is  very  unlikely. 

Second.  The  vesicular  nervous  RubMlaiico  is  composed  of  nucleated 
cella  containing  a  granular  suliatance,  with  which  tliere  arc  tii«  YwicnUr 
intermixed,  cjipccuiUy  near  the  nuclei,  pigment  granulea.  vonim. 
These  granule:^,  however,  arc  BOmetimcs  absent,  as  in  the  vertebrnta. 
The  nucleus  of  each  ganglionic  vcaiclc  often  pto.^nt.i  a  nucleolus;  tlie 
diameter  of  the  vesicle  varies  froni  y^  to  yf'^  of  an  inch.  These  ves- 
icles are  found  in  tlie  uenr'e  centres,  their  coloring  material  communicat- 
ing to  those  parts  the  peculiar  tint  they  display.  In  sliape  they  vary 
very  much,  aome  being  splicrical,  some  ovoid,  and  others  caudate,  cx- 
hibhing  processea  which  are  filled  with  granules,  or  wliich,  becomuig 
eventually  transparent,  commnnieatc  with  similar  proccasea  from  other 
cells,  or  arc  continuou!*  with  tho  axia  cylinders  of  tlic  ncrvo-tubca.  Ac- 
cording to  jVxmann,  the  axis  cylinder  is  a  continuation  of  the  nucleus 
of  tho  celL  The  ganglion  vesicles,  as  they  are  termed,  are  chiuracto 
ized  by  containing  a  large  amount  of  phosphor- 
hted  oil,  and  it  is  probable  that  the  oxidation  of 
this  material  ia  a  condition  of  their  fiinctional  ac- 
tivity. 

J'^itf,  116,  ganglion  globules  (nerve-cells),  from 
the  Gasserian  ganglion  ui  the  cat.  1.  Cell,  with 
^^B^  ^HSjk  short  pole  process,  .^^howing  the  origin  of  a  tibre; 
^^^9  ^^^B  "^  '^li^th  ^^  tl>^  t^U  t"^  ncrve-tnbc,  containing  nu- 
^^B^  ■^P^''  ^^^'  *  ^*  ^^  membrane  of  the  nerve-<:«ll.  2.  Cell, 
witii  the  origin  of  a  fibre  without  sheath ;  h^  cell 
membrane  of  the  nerv©H»U.  3.  Ner^'<M«ll,  de- 
prived, in  the  preparation  of  it,  of  ita  memlniine 
and  external  sheath.     (KolUker.) 

^ig.  117,  y.  2(>4^  hipohu^  ncrve^cell  of  the  pike, 
continued  at  each  end  into  ner\'e-tubo8.  a,  sheath  of  the  ner\'e-cen ;  A, 
sheath  of  the  ncn'c;  c',  lueduUa ;  (^  axis  cylinder  continuous  with  the 
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contents  of  the  nerve-cell,  e,  which  have  shrunk  sway 
from  the  sheath  al'ler  action  by  arscnions  acid.  (KoV 
liker.) 

I^fff,  118,  caudate    nerve   vesicle  of  lie  multiple 
kind:    a.,  the    nnclcatcd   vesicle;    6,  its    proceflsee. 

fV.  lis. 
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dViTA'r*)).  fnartil- 
fcd  too  diaraclcr*. 
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lUatfan  rwr*»«^l(,  nwcnifttd  sa»  diumtaM. 

These  probably  are  conlinuons  with  the  axis  cylin- 
der* ot'  i\w  nenes,  in  connection  wiili  tlic  veaicle. 

J'^iff.  U9,  tubiUes  and  nerve-cells:  A,  from  sympa- 
FftMit-  tiietic  ganglion;  *,  h  aepa- 

rntc  cell,  showing  its  pclla- 
cid  nucleus  and  nucleoltis : 
li,  from  the  gray  substance 
of  human  cercbcUum:  a,b, 
[ilcxiiB  of  primitive  fibres; 
c,  nucleated  gloliules;  *. 
a  separate  cell  from  Un- 
man ganglion  of  daRwr. 
■  .,  (Wagner.) 

>"<7.  120,  tnhulcjt  and 
ncTTC-tclIs  of  human  brain:  A, 
nerve-eells  lying  in  the  midst 
of  varicose  nerve -1ulx;»  and 
b1ood-ve5sels  in  the  substance 
of  the  optic  thalamus:  a,  glob- 
ule more  enlarged :  &,  Bmall  vas- 
cular trunk:  B,  B,  nnilii[>olar 
norvc-cdLi  from  the  dark  por- 
tion of  the  cnis  cerebri.  (I^iir- 
kinje.) 

Soch  being  the  construction 
of  flic  fibrous  and  vp<iicidnr  ma- 
terial, we  may  next  iiKpiiro  into 
their  functions. 
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FlINCnONS  OF  NKBVE  FIBllES. 

That  the  function  of  norvo-tabes  is  to  conduct  impressions,  is  proved 
by  many  different  facta.  On  putting  a  ligature  round  a  nerve,  Fgnciion*  at 
or  cutting  it  acrosa,  it  no  longer  transmits  the  usual  inSu-  "^"^^  &bnt. 
ences.  A  more  critical  exaoiination  shows  that  iiiipreasions  made  on 
the  cxtcmzii  cjctrcmities  of  a  nerv«  arc  conveyed  by  it  to  the  centres, 
and  the  inHucncofl  originating  in  tlic  nervoua  ccnirea  are  conducted  along 
such  trunks  to  llie  parts  to  which  they  aro  distributed.  This  double 
dtity  therefore  implies  that  there  arc  two  classes  of  tubes,  the  centripetal 
and  centrifugal,  tliough  thus  far  no  Btructural  difference  between  them 
baa  been  detected.  TItcy  can  not  of  themselves  either  originate  iinprea- 
uona  or  motions,  these  in  every  ijistauce  arising  from  external  or  central 
Bgcncy.  The  centrifugwL  fibres,  whcti  cut  across,  may  show  (-p„,ri„tii] 
no  effect  if  tlio  part  stUl  remaining  attached  to'tlic  nerve  cen-  aiiiie«iiui/u- 
trc  is  irritated;  but  if  the  other  part  connected  with  the  pe-  ^ 
riphery  be  pressed  upon  or  pinched,  muscular  cnntraction,  lliat  is,  mo* 
tion,  reaulta.  If  centcipetal  fibres  be  exumiiicd  in  Ukc  manner,  the  |)an 
connectud  with  the  {leriphery  Ix'tng  irritaletl,  no  result  ariiWis ;  but  if 
the  part  connected  with  the  centre  be  irritated,  sensations,  general  or 
special,  as  the  case  may  be,  are  perceived.  These  sc^'cral  effiects  ennue 
when  the  motor  or  sensory  nerve  ia  intact:  for,  ou  irritating  the  one  or 
the  other,  motion  or  sensation,  as  the  case  may  be,  is  prodleed.  if  the 
whole  trunk  uf  a  eentri[>etal  nerve  be  irritated,  the  mind  rcftrrs  the  sen- 
fiatiun  to  all  those  parts  tu  wliich  the  liranclK-s  of  that  ncn'c  arc  distrib- 
uted; if  a  part  only,  then  the  sensation  is  limited  lo  those  portions  to 
which  tbo  fibrils  of  that  part  go  ;  but,  besides  this,  the  mind  also  recog- 
nizes the  partinikr  spot  upon  the  trunk  to  which  lUe  irritation  lias  l>cen 
applied.  In  like  manner,  when  the  entire  trunk  of  a  oentritugal  nerve  is 
irritated,  all  the  muscles  which  it  supplies  contnict;  or,  if  only  a  pari, 
then  tliose  muscles  wliich  are  supplied  from  that  part.     From  the  ana- 

^tnnical  fact  that  a  nerve-tube  does  not  anastomose  with  its  neighbors, 
the  influences  which  it  conveys  are  transmitted  along  it  without  any  lat- 
eral diffitfioiu  and  ever>'  fibre  Uisdiarges  one  duty,  and  one  iinitj-offtiiw 

i&lone.     Tlie  cctitri{>ctral  can  never  assume  the  function  of  tion  tn  ibv 
the  centrifugal :  and  in  the  case  of  nerves  of  special  sense,  '^'"'^ ' 
there  is  the  same  restriction:  the  optic  nene  can  not  transmit  the  im- 
pKsriona  of  sounds,  nor  tlie  auditory  the  vihmtiuns  of  light ;  the  nerves 
of  common  sensation  arc  affected  -neither  by  one  or  the  oiher»  but  they 
are  by  variations  of  temperature.     The  velocity  with  which  .^    itfcaa- 

[■these  influences  pass  along  nerve  fibres  is  indefinitely  less  duiiiiriiii,v  in 
tlian  that  with  which  electricity  moves  in  a  metal  cronductor.  "•^'^'^- 
Tfans  far,  however,  no  satisfactory  nieasore  of  it  baa  been  obtained. 
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The  experiments  of  Helmholtz  give,  for  the  rate  of  propagation,  (nm  83 
to  88  feet  per  second  in  the  frog,  and  in  man  200  feet,  the  velod^  ii>- 
ing  with  the  mean  animal  heat.  At  one  time  it  was  thought  that  Htm 
are  perceptible  di£ferenc«8  in  this  rate  in  the  same  nerve  of  difierent  indi- 
riduals,  or  in  difierent  nerves  in  the  same  individaal,  bat  these  concb- 
sions  are  admitted  to  be  erroneous,  or  to  be  explained  upon  another  pan- 
ciple.  It  can  not  be  denied  that  tliere  is  a  general  resemblance  hetwom 
the  manner  in  which  a  ncr\-ons  fibril  transmits  its  inflnences  and  that  in 
which  a  conducting  medium  conveys  an  electric  current,  thou^  the  y> 
ReMmbiance  locity  may  be  very  different.  There  is  a  resembknce  l»- 
batmen  the  tween  the  arrangement  of  the  axis  cylinder  surrounded  by 
tricti  amdu<^  its  white  substance  and  membranous  tube,  and  that  of  a  net- 
«•»■  alline  wire  wrapped  round  with  silk,  or  other  non-oondud- 

ing  material  in  many  electrical  arrangements.  An  electric  current  iiti- 
ficially  transmitted  along  a  nerve  trunk  will,  as  the  nature  of  that  tnok 
may  be,  give  rise  to  muscular  contraction,  or  produce  general  or  speoil 
sensations,  or  originate  reflex  action.  For  these  reasons,  it  has  long  ben 
supposed,  by  many  physiologists,  that  the  influence  which  passes  alng 
nervous  fibres  is  analogous  to  electricity,  if  it  be  not  identical  therewidi; 
but  all  attempts  to  prove  the  existence  of  an  electric  current,  either  in  ths 
centripetal  or  centrifugal  fibres,  liave  thus  far  been  abortive.  It  may, 
however,  be  remarked,  that  the  arguments  which  are  commonly  preamtr 
cd  against  the  hypothesis  of  tlie  identity  of  the  ner\'ous  agent  and  elec- 
tricity are  but  of  little  weight  when  critically  examined.  Thus  it  is  said 
that  an  electric  current,  passing  along  a  nerve  fibre,  spreads  laterally, 
whereas  the  nervous  agent  never  does ;  but  this  is  all  dependent  upon 
that  quality  formerly  known  among  electricians  as  intensity.  There  is 
no  reason  to  suppose  that  a  thermo-electric  current,  the  intensity  of  which 
is  very  low,  would  exhibit  such  a  lateral  propagation ;  whereas  a  voltaic 
current,  whose  intensity  is  high,  does  it  without  difficulty.  Moreover, 
though  it  has  been  stated  that  the  electric  conductibili^  of  a  neiroos 
trunk  is  indefinitely  worse  tlmn  that  of  a  metal,  even  lower  than  that  of 
a  bundle  of  muscular  fibre,  it  should  be  remembered  in  tliese  discussions 
that  the  conducting  power  is  in  the  axis  cylinder,  and  no  attempt  has 
ever  yet  been  made  by  any  experimenter  to  isolate  that  stractare  and  sub- 
mit it  to  proper  examination.  It  is  just  the  same  as  though  we  should 
take  a  bundle  of  copper  wires,  each  one  of  which  is  separated  from  its 
neighbors  by  a  layer  of  non-conducting  fat ;  that  we  shoiUd  cut  out  a  sec- 
tion of  such  a  construction  witli  a  pair  of  scissors,  and  then  attempt  to 
determine  its  conductibility.  That,  under  any  circumstances,  would  be 
Jow  enough  ;  and  the  clianccs  are  that  the  non-conducting  material  would 
be  smeared  over  the  ends  in  the  act  of  making  the  section,  and  the  speci- 
men refuse  to  conduct  at  alL     In  a  similar  manner,  we  may  dispose  of 
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all  ilioM  experiments  which  have  been  brought  fo  prove  the  dissimilari- 
ty of  electricity  and  iJie  nervous  agent,  by  intcn'eniiig  a  piece  of  metftl 
between  a  section  of  a  ner\ouB  trunk,  it  hn%'iiig  bt*n  found  thai  under 
such  circumstances  the  ner^'ous  influence  docfi  not  pass. 

The  physical  condition  ui»on  whirh  the  activity  of  the  nerrous  mech- 
•niani  ilepcTiils  ia  the  supply  of  arterial  blood;  for,  although  »■ 
the  nerrc  fibres  never  receive  or  are  penetrated  by  blood  cafK  Uv  dqiMdi  on 
Ularics.  these  latter  run  in  comjwny  with  them  in  the  nerv-  *"* 
ODs  tasdetUi.  It  would  appear,  however,  that  the  supply  of  arterial  blood 
is  of  £ur  leas  moment  in  tlie  function  of  the  uervc  fibres  than  it  is  in  that 
of  the  ncr\-c  centres.  This  la  show-n  by  the  limited  aapply  given  to  the 
former,  and  the  abundant  one  to  the  latter :  by  the  comparative  effect  of 
a  stoppage  of  the  blood  circulation,  in  which  case  the  action  of  the  nerrc 
centres  ia  instantly  arrested,  whereas  that  of  the  fihrea  may  continue  for 
a  long  time.  On  tlic  whole,  there  arc  strong  reaaona  for  bcheving  that 
the  conductibility  of  the  nerve  fibre*  is  as  purely  physical  aa  is  that  of  a 
metal  wire,  and  that  the  supply  of  blood  that  they  receive  ia  only  for  the 
purpose  of  maintaining  their  coiiBlruction  in  a  perfect  state. 

We  hare  slated  tlmt  there  are  nerves  the  tunctions  of  which  arc  cbbod- 
tially  different,  such  as  the  centrj]jctaj  or  sensory,  and  the  i,ienii«wiUoii 
oentriliigal  or  motor.  Tlic  identification  of  the  class  to  vftiiadanof 
which  a  ncr^'o  nnder  examination  belongs,  may  sometimes  *  """^ 
be  made  by  examining  its  maimer  of  distribution,  or  its  ganglionic  con- 
nection ;  sometimes  by  experiment,  by  making  a  section  and  irritating 
the  cut  extremities.  In  these  cases,  however,  caution  baa  to  be  exer- 
cised in  coming  to  a  conclusion. 

FUSCTIONS  OF  NERVE-CELLS. 

The  nervouB  fibres  having  for  their  duty  the  conduction  of  external 
imprcsaiona  and  the  transmission  of  nervous  iuflueuoes,  the  FoKetioB  nt 
Fiy.rn.  nerve-cellB  or  «""»«**»• 

Tcaicles  are  for  the  re-. 
ception  of  those  imprca- 
sions  and  the  originaticm 
of  those  influences.  The 
nerve  cenlre.s  or  ganglia 
are  made  up  of  vesicles, 
grannies,  and  nerve-tubes 
conjointly. 

J^iff.  121,  dorsal  gan- 
glion of  the  sympathetic 
nerve  of  a  mouse,  a,  J, 
cords  of  connection  with 
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adjacent  ganglia ;  i?,  e,  c,  c,  branches  to  the  viscera  and  spinal  nerves  ;  (2. 
ner\'e-cells ;  e,  nerve-tubes  traversing  the  ganglion.     (Valentin.) 

For  the  explanation  of  the  fUnction  of  the  nerve  centres,  it  is  essential- 
FuRction  of  \y  necessary  that  we  should  have  clear  views  of  the  fiinctioD 
Tid^^ltT"!^  o*"*^^  "*^^*^  vesicles.  It  has  appeared  to  me  that  their  duty 
ickiiy.  is  manifested  by  their  anatomical  relations.     The  influence, 

whatever  it  may  be,  which  passes  along  a  nervous  cord,  is  completely 
isolated  therein,  and  never  leaves  the  fibril  in  which  it  is  passing  from 
its  origin  to  its  termination.  It  is  isolated  by  the  white  substance  of 
They  pennit  Schwann.  But  it  is  very  plain,  as  a  thousand  phenomena 
MMM^nir'**  of  *lifi  nervous  system  prove,  that  there  are  places  of  escape 
new  channeii.  for  this  influence,  although  it  may  be  confined  in  the  nerve- 
tube,  and  tlicse  places  can  be  no  other  than  the  vesicles.  Their  caudate 
aspect,  or  multipolar  form,  as  it  is  often  termed,  will  bear  no  other  inter- 
pretation. The  disturbing  influence,  coming  along  the  axis  cylinder  of  a 
nerve-tube,  flnds  itself  delivered  into  the  granular  material  in  the  interior 
of  a  vesicle,  a  material  physically  continuous,  in  the  opinion  of  many 
physiologists,  with  the  structure  of  the  axis  cylinder.  Through  this 
granular  material  the  influence  is  transmitted,  and  if  the  vesicle  shotdd 
have  on  its  distant  contour  two  or  more  nerve-tubes  connected  with  it, 
it  would  seem  to  be  the  necessary  result  of  such  a  state  of  tilings  that 
the  influence  will  pass  down  all  those  channels.  For  these  reasons  I  re- 
gard the  ner\'e  vesicles  as  being  constructions  for  the  purpose  of  opening 
out  the  closed  ner\'e  tubules,  and  permitting  them  to  deUver  their  energy 
into  new  tracts. 

But  more  than  this.  Whatever  may  be  the  manner  in  which  the 
Diffusion  of  in-  ncrvous  influence  is  propagated,  or  conducted  from  point 
mnuUrma^  *°  point  of  the  granular  material  within  the  vesicle,  there 
ri»i-  must  be  now,  since  there  is  no  structure  to  prevent  it,  a  lat- 

eral spreading  of  effect.  It  is  not  to  be  supposed  that  the  passage  is 
made  in  a  direct  line,  from  the  terminus  of  the  centripetal  to  the  origin 
.of  the  centrifugal  fibre,  across  these  caudate  vesicles,  and  restricted  there- 
to. There  is  no  isolator  to  confine  it  in  any  such  track,  and  it  seems  to 
follow  of  necessity  that  the  whole  contents  of  the  vesicle  must  be  affect- 
Vesiciei  rcuia  ed,  and  this  irrespective  of  its  magnitude.  Such  a  conditiott 
md"reml^-  of  things  introduces  the  suspicion  of  a  second  great  duty 
lines  of  force,  which  the  vesiclcs  may  discharge  in  retaining  within  them- 
selves, at  all  events  for  a  short  period,  the  influences  that  have  thus  es- 
caped laterally,  and  thus  tliey  become  temporary  magazines  of  power. 
Unipolar,  bi-  ^"^  perhaps  this  may  be  the  true  interpretation  of  the  action 
polar,  muUipo-  ofuiiipolar  and  bipolar  vcsiclcs;  the  unipolar  being  a  capsule 
for  the  collection  and  conservation  of  the  entire  delivered  in- 
fluence, the  bipolar  to  admit  of  the  passage  onward  of  a  large  portion  of 
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tiie  force,  but  by  lalcral  diflusion  to  jn-encrre  or  delay  a  part,  and  the 
tniltipolar  at  once  [>crniitting  of  conservation  and  of  a  diflchargo  uilo, 
prhspti,  a  tnullittide  of  new  channel;^. 

Vytn  the  satne  principle  lliat  mttlttcaudate  vesicles  permit  of  the  es- 
cape oi  Den'ouH  influence  from  the  uingle  channel  iu  which  it  inurffnocp  of 
iw  been  coming  into  many  new  ways,  so  likewise  tliey  impwwoii*, 
mut  be  tlie  seats  of  the  iuterfecence  of  influences  dctivercil  into  tlieni 
ban  nuiny  ccntn{M:tal  lilirr-s  at  the  same  liiiic.  TIiu.>«  we  may  imagine 
ktriraadate  vesicle  into  the  granular  malerial  of  whieh  an  inflnence  is 
Wivcred  simoltoneoasly  by  two  centripetal  tibrils,  and  these,  reacting  on 
OM  mother  iq  the  interior  of  the  vcsit-lc.  ^ive  rise  to  a  resultant  which 
Bar  lUfTer  ftom  them  botlt,  and  this  \s  passed  on  through  the  third,  the 
OE&tiifugal  fibril. 

Bt^anlcd  ui  this  way,  tiie  fiuiction  of  a  nerve  vesicle  may  therefore  be 
ritfodto  be-.  Int.  'J'o  [lennit  the  escape  of  un  entering  iuHiiencc  out  of  the 
uHluy  ciuinneJ  in  which  it  has  been  isolated  into  any  number  of  diverg- 
i^tnurla :  2d,  To  combine  inllucni-c.H  wliich  arc  entering  it  from  various 
UMtions  into  a  common  or  new  n-^ult ;  8<I.  By  pi-rmitting  of  lateral  dif- 
faiioQ  10  take  olf  and  keep  in  store  for  a  certain  duration  a  part  of  the 
pWBg  influrnce. 

Our  aitm  I  ion  can  not  fail  to  be  arrestod  by  this  last  effect ;  for  if  there 
W »  projierly  which  is  charocteristlc  ofllio  nervous  mecban-  o^,    jj      f 
BBi  in  its  utmottt  dt^ieo  of  development,  i(  is  this  of  retain-  tbe  v«8iicn  «f 
tftg  the  relics  or  traces  of  impressions  which  have  formerly  "")"*«•"■■• 
Wa  made  upon  it.     Aa  it  goes  on  increaaing  in  per^ilexity  aa  we  rise 
dnm^  tlif-  animal  aeries,  the  provision  for  the  retention  uf  such  iinprcs- 
iMtt  bpcomcs  more  and  more  strikingly  marked.     GatigMonic  nmsacs, 
wbwA,  from  their  position  and  struetore,  are  marked  out  for  tliia  duty, 
ffw  in  that  ascending  scale  in  increasing  magnitude.     To  these  we 
«"y  jptly  apply  the  designation  of  registering  ganglia,  since  Reg^wrimr 
^  trnly  store  up  the  traces  of  ancient  impressions  and  keep  «"«•'». 
wm  iu  tcservc.     These  ganglia  mmjt,  moreover,  be  the  scenes  of  tlic  i»- 
♦"•ction  and  interference  of  the  imprcflsions  they  thus  contaitL 

Tie  regitftering  ganglia  thus  intitHJuce  tht;  ehrmirnl  of  time  into  the  ao- 
the  nervous  mechanism.  The  impression  which  in,_j^Hj^ 
them  would  have  forthwith  ended  in  action  is  de-  of  tbe  oioaaat 
»JtA  (ot  a  season,  nay,  perliaps  cAon  as  long,  thongh  it  may  ''""■ 
^  Bi  «  declining  way,  as  the  structure  Itself  endures ;  and  with  the  in- 
^'(xbclion  of  this  condition  of  duration  come  all  those  importaut  effects 
*^  eiuiie  from  the  varioutt  action  of  many  received  impressions,  old 
™dww,  npon  one  another. 

intenml  origination  of  new  results  through  the  interaction  of  im- 
r«tainod  in  the  registering  ganglia  is  too  important  a  ptienom- 
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enon  to  be  pawiwd  liglitly  by,  more  especially  wlivii  wc  consiJ^r  llic  sur- 
prising resuits  to  wlucli  it  eventually  leads  in  Lliu  Liiglier  (onn^  of  lite.  I 
UluMraibn  of  slioll  therefore,  without  any  apology,  digress  biiefly  for  the 
ihv  jitodoMidti  gajte  q(  jliuslrating  my  nicauiiig.  by  Bhowing  how,  even  in 
■ulutiyloTuri-  tl>c  material  world,  from  coiiditioiis  wliicliarc  aa  fixed aa  fate. 
kUc  cauae*.      through  interaction  of  conacqueiioeB  variable  results  arise. 

The  lows  of  nature,  being  foundcil  on  pure  reaaon,  are  absoiulely  un- 
changeable. Of  the  things  which  an*,  prcficntcd  to  our  contemplation, 
they  alone  are  invariable.  JIatcrial  substances  of  every  kind  wear  by 
time,  and  exhibit  incessant  alterations,  and  tliis  the  same  wliether  they 
are  of  a  terrestrial  or  a  celestial  kind.  There  are  tides,  ccUpses,  seasons, 
births,  deaths.  Tlirougbout  the  universe  tliere  is  Jio  monument  tliiit  re- 
tains ita  primordial  eun<Iition ;  for  all  material  aggregations  are  only 
fonns,  and  every  fonu,  iii  the  process  of  time,  must  perish.  There  are 
changes  of  the  surface  of  the  earth,  changes  in  its  ;i)03ition  as  to  the  enn, 
changes  in  the  placi'3  of  systems  of  worlds  as  to  one  another.  Every 
thing  is  at  everj'  moment  in  motion ;  but  in  tlie  midst  of  all,  o^-eiy  law 
oF  nature,  as,  for  example,  the  Uw  of  gravitation,  cndnres  without  varia- 
tion for  an  instant,  and  is  never  for  an  instant  suspended. 

This  invariability  of  natural  laws  from  ngc  to  aye,  even  under  clrcnm- 
Eitances  in  which  we  might  suspect  a  change,  is  illustrated  by  tlie  parallel 
which  may  be  traced  bet  ween  the  development  of  the  most  recent  em- 
bryos, as  of  man,  and  tliosc  of  tlic  ancient  geological  times,  or  between 
hiunan  development  and  that  of  the  whole  animiil  series.  In  all  these 
coses  such  a  phenomenon  is  never  witnessed  as  that  of  a  part  springing 
from  nothing :  it  comes  out  of  something  existing  before,  and  exists  as  a 
oonse^^ucucc  of  some  preceding  act  Tlic  ordi-r  in  which  part  arises  from 
part  is  the  same  now  as  it  has  been  in  all  times — ^the  same  in  organ- 
isms which  are  irioat  distinct  from  each  other  in  structure  or  iX)8ition  in 
the  natiual  scale ;  and  thus  we  ace  that  development  is  not  only  tlic  con- 
sequence of  law,  but  of  law  which  is  unchangeable  and  universal  in  its 
spplieation. 

As  with  these  phenomena  of  development  and  all  natural  facts,  so  with 
the  operations  of  tlie  mind.  There  is  no  such  thing  as  n  spontaneous  or 
self-originating  thought.  Every  intellectual  act  is  the  consequence  of 
some  preceding  net.  It  comes  into  existence  in  virtue  of  something  that 
has  gone  before.  Two  minds  constituted  precisely  alike,  and  placed 
under  the  influence  of  precisely  the  same  external  physical  circumstances, 
most  give  birth  to  precisely  the  some  thought.  Such  is  plainly  the 
consequence  uf  that  invariability  and  universality  of  tlie  laws  ofnaluitr 
on  which  I  have  been  insisting,  which  is  illustrated  by  the  fact  wc  so  ot^on 
witness  in  our  daily  affairs,  and  strikingly  in  the  case  of  philoi^opliical 
discoveries,  the  same  idea  occiunng  to  many  potsons  at  the  same  time. 
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It  ifl  thin  Katneneas  of  action  to  wiiich  wc  allndc  in  that  popular  expres- 
sion, comnion  eeoB^ — a  tcrui  fuJI  uf  meaning.  In  llic  origination  of  a 
thought  there  are  two  distinct  contlicions  involved — the  state  of  the  niuid 
as  dependent  on  antecedent  impressions,  and  the  csisting  physical  cir- 
cumManccs.  The  brain  is  the  iiistrumcnt  on  which  external  circom- 
stanccs  plaj-  i  but  in  the  same  manner  that  the  eoursc  of  time  presenta 
ti3  with  natural  ^-icisaitudes,  such  aa  night  and  day,  the  pcaaoiis,  the  tides* 
apring  and  neap,  with  their  ebb  and  flow,  variations  of  events  may  ensae, 
notwithstanding  the  fate-like  BS{>ect  of  the  acting  law,  and  this  throngh 
tho  interaetian  of  coneequenoes.  So  the  earth  revolves  round  the  sun 
as  a  conHC<]ucncc  of  gravity,  and  for  tho  aonic  reason  does  the  moon  re- 
volve round  tlic  cnith  ;  for  the  s^ime  cause  do  tho  tides  flow  and  ebb  in 
the  sea ;  yet  tlierc  will  be  spring  tides  when  the  sun  and  moon  draw  in 
one  diroction,  and  neap  tides  when  they  draw  in  opposite  ways.  Out  of 
tho  invariftbto  iFic  variable  may  therefore  ariac- 

To  return  Irom  this  digression  to  the  phenomena  displayed  by  regis- 
tering ganglia,  in  cent  inuntionuf  the  views  ofTerud,  I  may  pre-  Ilhi«tntl«n  or 
sent  as  an  example  the  luamier  in  which  1  should  be  disposed  '^^"IJjfl^  ,^ 
to  regard  in  tiiia  respect  llie  entire  nervous  system  of  the  ar-  •k-ih. 
ticulata.  Clonatnicted  as  these  animals  are  upon  an  axir«,  tltc  nerves 
which  arc  given  off  from  the  ganglia  upon  that  axis  right  and  Icfl,  a  paw 
for  each  segment,  arc  primarily  purely  automatic,  and  act  therefore  pri- 
marily in  a  purely  reflex  w.iy ;  an  impression  made  on  the  peripheral  ex- 
tremity of  cue  of  their  centri])etal  6bn?s  is  conducted  to  tlie  ganglion, 
(iHSSCs  tlirough  it,  escapes  along  tho  centrifugal  fibre,  and  a  motion  oo- 
curs.  But  the  whole  influence  is  not  thus  promptly  disposed  of.  A  part 
of  it  is  conducted  by  commissural  strands  to  the  cephalic  ganglia,  and 
there  held  in  rcser^'e.  And  the  same  thing  holds  good  for  cv-  »,_„(.  (,. 
cry  one  of  the  ganglia  of  the  ventral  cord,  so  that  for  tlwm  all  ibo  oqiiuiic 
the  cephalic  become  a  point  of  common  convcrgtiicc,  or,  in  itiy  ^""^  *' 
view,  the  common  register  for  them  all.  Here,  at  tliis  focal  |ioint,  arc 
stored  up  the  relics  of  whatever  impressions  have  been  mfido  uiKin  the 
common  peripheral  nerves,  and  licrc  arc  received  those  which  arc  brought 
trom  tlic  structures  of  special  sense — the  viatial,  tlie  auditory,  the  olfac- 
tory, if  any.  Tlicre  does  not,  then,  appear  any  great  difficulty  in  ex- 
plaintii*;  the  well-marked  deviations  from  automutism  which  these  ani- 
mals may  prctx-iit. 

The  action  of  every  ganglionic  mcdianism  depends  upon  the  axiatcnce 
of  certain  plij-sical  conditions,  among  which,  an  being  of  [lar-  Ncrv*  am\n» 
amount  iinportfliice,  one  may  be  diaccmed.  It  is  the  due  "pt^b/MW^ 
supply  of  artcriidizcd  blood.  If  this  be  stopped  but  for  a  ^'^ 
moment,  the  nerve  mechanism  loiw-s  its  power,  or  if  diminished,  the  dis- 
play of  its  characteristic  pheaomeua  correspondingly  declinea.     If,  on 
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llic  contmrv,  tlio  snpjily  br  mululv  great,  or  its  oxiHizing  [tower  artificial- 
ly increased,  tJicrc  is  a  more  energetic  action.  This  latter  condition  of 
tilings  »  presented  in  the  earlier  stages  of  tbe  respiration  of  protoxide  of 
nitrogCD,  an  increased  nnucalar  |>o'\Ter.  and  an  exaggeration  of  the  pro 
cea«es  of  intellection.  The  opposite  state  is  witneiised  i\-heii  carbonic 
acid,  more  or  less  dilute,  is  brcaiiied,  from  that  bluiting  of  the  intellectual 
laculticfi  and  indisjiosition  for  niuttcular  exertion  which  is  felt  in  ill-veii- 
tilated  a|>arliiiciiLH  where  eurlKJiiie  aeid  is  pentiitteil  to  ao;ntmilatei  to  the 
profound  torpor  and  inscnsibiliiy  experienced  when  it  is  in  a  more  con- 
centrated state.  These  exaltations  and  doproasions  of  tlio  cajvabilitiert  of 
the  ncrvouit  instrument  are,  therefore,  clearlj-  of  a  chemical  kind,  and  may 
be  prodnce^l  artiliciaUy  and  at  pleasure  by  tlie  respiration  of  appropriate 

tgases  or  the  administration  of  certain  drugs.  Nay,  even  the  accumula- 
tions  of  the  effete  products  of  tbe  ecunomy  are  sufficient  to  give  rise  to 
sucli  diminutions  of  power,  as  wo  see  when  bile  or  urea  is  ]>crniitted  to 
accumulate  in  the  blood.  The  therapeutical  and  toxicologicol  indueiicca 
of  certain  medicaments  arc  illustrations  of  these  principles.     Of  such 

'wibstancciit,  some  act  on  the  ncnsonal  and  some  on  the  motor  powers. 

The  copious  distribution  of  arterial  blood  to  the  nervous  centres  indi- 
KcMiMiyrfre-  cates  that  they  undergo  a  rapid  waste.  That  supply  con 
pwr  an.)  ivsi.  jjQf  ^  fg,.  (]jg  n^^K  purposes  of  growth  alone,  since,  when 
once  maturity  is  reached,  the  uen'ous  meclianism  presents  but  little  ex- 
isioa.  The  provisiLUi  for  nutrition  a.ssures  us  that  (hat  action  must 
:  rajndly  going  on ;  but  the  equilibrium  of  the  system  betrays  that  such 
nutrition  ia  not  (ot  development,  but  for  the  repair  of  waste;  and,  in- 
deed, this  waste  prueet^ls  at  such  a  rate  that  there  arises  in  some  portions 
of  this,  system  a  necessity  for  periodic  repose,  a  lime  for  the  restoration 
of  the  parts.  If  any  arguments  were  required  to  establish  beyond  dis- 
pute thai  fltich  a  disintegration  of  the  material  of  tlic  nerve  centres  does 
occur,  it  would  iKftumiahcd  by  an  examination  of  tlie  urine;  for,  in  nerv- 
ous substance,  phosphorus  occurring  as  a  charaderistic  ingredient,  it 
must  give  rise  to  tlie  production  of  phosphoric  acid,  or  salts  thereof,  in 
Dcatrnccion  at  the  supposed  periods  of  activity.  Moreover,  in  this  metn* 
Brwuiinatc-    morphosis  of  the  vesicular  structure  aniirionia  must  cvcntu- 

.M   it  in   jiro.      n  •         ^  i  n         it       .•    •  ,  ] 

mlomon*TT-  ally  anse,  from  (lie  cell  walls  if  from  no  other  sourw,  and 
«tivity.  accordingly  we  find  in  the  urine  that  charftcteristic  double 
salt,  the  phosphate  of  soda  and  ammonia.  The  amount  of  these  alkaline 
phospiiatcs  has  long  been  known  to  be  in  proportion  to  the  acti^-ity  of 
the  nervous  fsyatem,  [varticularly  in  tlio  erase  of  itulividuals,  .such  as  cler- 
gymen, whose  mental  powers  arc  taxed  unduly  at  staled  inlervals.  The 
general  iaet  that  the  degree  of  energy  whicli  this  system  exhibits  is  de- 
pendent Oil  the  activity  of  respiration  in  difiereut  tribes  of  life  might  be 
established  from  many  familiar  instances. 
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5Iore  precbMS  ideas  would  be  arrived  at  regarding  tJie  wasle  of  the  nerv- 
ous inecliaiii»in  it*  we  posseiUKd  a  more  accurate  Jciiowledjre  of  its  cheru- 
LC«i  constitution.  Tlie  examinations  Iiitlicrto  made  ai-c  far  „  . ,  _, 
from  agreeing  with  one  another,  and  thiH,  lo  a  certain  extent,  nerrow  muiy 
is  due  lo  ilie  difficullv  of  obtaining  tlic  true  nur%ous  tissue  in  "*' 
an  isolated  atatx"-,  or  utiniingled  with  other  inter\-cn!ng  Bmictii«?s.  The 
following  tables  will  give,  however,  a  general  idea  of  its  composition  at 
difiercnt  periods  or  in  diftcrcnt  conditions. 

Anafyfis  ^  Brum  iffJifffrrnl  CmSti'mi  of  T^t.     (from  T.'TIfritia:) 


Inr«nlti, 

V'Hilht. 

A4UIU.                    A|t<4.          1          Idlolk.          1 

Pftt 

Phoxi'liuni' 

(127.30 
70.00 

AS.tUI 
8,00 

lOOO.Oi) 

74:i.HU 

102.00 

5S.00 

av90 

l«.M 

7S3.ID 

w.oo 

61.00 
IOt.90 

18.00 

7M.S0 
8ti.5U 
43. -in 

10.00 

70».SCf     1 

fio-no     1 
uti.sn    1 

8.&0 

1000.00 

1000,00      1     1000.00      1      [000.00      1 

Cbmfiomiion  ^ S/iinai  Cn-J  ^  ArhiH.    (Frmn  VBerititr.') 

Whmt. ,- 710.r,0 

Albumen 78.00 

Pal , 82.50 

Oimazfltne  • 1 1fi.DO 

Ph«phor.,j 19.00 

1000.00 


AmJifiu  <^  XMifBarjf  amt  CU  ricu/  HUttaitQ:  o^  JCnJ^  ^/JiaL    ^Froai  LfUMt^tie,) 

CotUmL 

7ft0.00 

9».00 
1.111.00 

tl.OO 
10.00 

IS.OO 

770.00 

!JI>.00 
Vi.VM 
31.00 
20.00 

*-       11.00 

MO.OO 

;fi,flo 

JO.OO 
37.00 
U.t)0 

13.00 

lUd  fti 

Extnct)re,,li)iiU-  ariU,  itiitl  *nl^... 
Ph»ti))hatc«  •'(  litiic,  iii»;:iic#iii,  Hnil 

r      1000.00 

908.00 

1000.00 

Krom  which  it  would  appear  ifiat  the  p(;ic«nt»ge  of  water  it*  gTc-iirc-f  '.-a 
tiic  curly  periiHls  of  life,  and  that  of  pliospliorus  in  the  aduli.  Attention 
nwr  also  be  drawn  to  the  fact  that  the  percentage  of  phosphorus  in  the 
brain  of  idiots  is  very  low.  It  also  apjicars  that  the  constitution  of  the 
white  and  gray  portions  of  the  brain  is  different,  as  might  have  been  an- 
tkipnted  from  their  appcuranci^  the  color  of  the  latter  being  due  to  a 
bronii  fat,  Hy  some  it  is  supposed  that  the  non-saponiitublc  fat  cho- 
lesterine  arises  as  a  product  of  waste,  aud  tliat  the  phosphorized  oils,  as 
they  are  termed,  constitute  the  whito  enveloping  cylinder  known  as  the 
white  substance  of  Schwann,  and  that  the  interior  cylinder  is  a  nitrogcn- 
iaed  but  non-phosphorized  body ;  but  there  are.  reasons  for  suspecting 
that  the  white  substance  of  Schwann  is  a  non-phcsphorizcd  fet,  and  that 
the  axis  cylinder  contains  the  phosplioms  in  an  unoxidized  state,  prob- 
ably as  a  higldy  phosphorized  protein  body.     E\cry  tlmig  seems  to  in- 
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dicatc  that  Schwann's  substance  only  discharges  the  physical  duty  of 
BO  isoUtor,  The  coincidence  between  the  vaning  activity  of  the  nerv- 
ous medianism  and  tiiu  varying  quantity  of  ojiidlzed  corapoands  of  phos- 
phorus in  the  urine  hulicateB  in  a  signiilcant  iiuuincr  that  this  chemical 
element  bmrs  Boniethin<;  more  than  a  passive  relation  tu  Ihc  prooessee 
going  forward ;  and  its  known  occurrence  in  the  vesicular  stmctures,  to- 
gether with  its  extraordinary  chemical  relations,  would  prepare  us  to  ex- 
pect tliat  it  is,  in  reality,  intimatciy  concerned  in  all  these  phenomena. 

Vesicular  nervous  luatenal  contains  much  less  fatty  matter  than  thi- 
^        ,,      .  tubukr,  but  much  more  walei-.     Thus  Uaulf  and  Walthcr 

C«tnpMUion<M  !•    1       1       ■       ■  -  1 

raictiiu  tuu-  found  in  the  gray  substance  of  the  hram  trom  Bo  to  86  per 
*"""'  cent,  of  water,  and  only  from  4.8  to  4.9  of  fat;  but  in  the 

covpns  callosum  Ihcy  found  70.2  per  cent,  of  water,  and  from  14.5  to 
15.5  of  fnt.  From  such  facts  it  would  fl]ijM(flr  that  llin  prpseneo  of  fat  in 
nervous  material  is  functionally  connected  with  its  projurty  of  conduc- 
tion or  trnnsmission  of  nen'ona  influence.  In  the  brain  of  a  child  which 
died  at  birth,  Sclilossbcrger  found  that  the  corpus  callosom  contained  as 
much  water  as  the  g^ray  matter,  and  tliat,  compared  with  the  bnun  of 
adults,  that  of  new-bom  infants  is  richer  in  water  and  poorer  in  fat.  Von 
Bibra  ascerlaiued  tlmt,  within  certain  limits,  the  quantity  of  fat  is  ccoh 
stant  in  the  brain  ;  that  a  dimumtiou  or  iuL-reafic  of  tat  in  other  parts  of 
thr  svfltem  is  not  accompanied  liy  any  cliaiige  in  the  quantity  of  brain- 
fat  ;  that  the  proportion  of  fnt  in  the  brain  of  man*  other  mammals,  birds, 
amphibia,  and  fishcR,  dimmishes  in  tlic  order  in  which  their  names  arc 
here  mentioned ;  that  the  medulla  oblongaU  contains  the  largest  po 
oeutage  of  fat ;  that  the  quantity  of  brain-fat  in  old  men  is  a  little  less 
than  that  of  adults  m  the  prime  of  life.  He  also  concludes  tlwt  the 
amount  of  phosphorus  in  brain-fst  is  nearly  the  same  in  man,  other  mam- 
mals, and  birds;  that  its  percentage  in  the  brain  of  the  insane  doc«  not 
exceed  the  mean  amomit ;  that  the  vesicular  matter  contjiins  more  phos- 
phorus than  (he  vi\\i\v. ;  and  that  there  is  no  sjHrcial  connection  between 
the  intelligence  and  tlie  amount  of  phosphorus ;  that  the  amount  of  fnt  in 
the  brain  of  the  fu'tus  is  much  less  than  thnt  of  the  adult,  tlic  difTorencc 
being  made  up  by  an  esccAS  of  water,  but  ilmt  a  great  and  sudden  aug- 
mentation of  fat  occurs  toward  the  end  of  fixtal  existence. 

Our  attention  may  next  W  <lirected  to  the  methods  of  rqmir  of  the 
Mode  rfmuiu  ^''^*''^'^''*'  structures.  Their  waste,  as  just  establiBhwl,  im- 
oTflMvoui  plies  their  repair.  Here,  as  in  the  muscular  tissues,  tlie 
blood-vessels  conduct  both  operations,  and  the  mode  of  dis- 
tribution of  the  capillaries  is  such  as  to  bring  the  circulating  current  into 
the  most  favorable  position  for  disclutrging  thU  duty.  The  vehicles  are 
included  in  the  midst  of  a  network  of  riipinaries,  and  it  is  believed  tliat 
then*'  is  a  resemblance  between  their  mode  of  growth  and  that  of  the  cells 
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ofiiie  epidcmiiat  that  i»  to  nay,  t\wy  arise  irom  nnclei  on  the  upaces 
vhieh  arc  noftreat  to  the  supply  of  blood,  anri  gradually  undergo  devel- 
(^ffiKiit  as  they  prepare  Cor  connection  with  ihe  tubular  tiwsue,  assuming 
tli<>  place  of  cells  that  have  digchurgod  their  function  and  are  nnder^in]; 
dinitrgntion.  Thia  grHdual  pHKsing  onward  and  wearing  away  rcvalla 
tli^  changes  in  tlie  structuiv  of  the  cuticle. 

To  two  of  the  substances  thus  met  with  in  tli^se  cxaniinations  of  the 
vavoaa  system  our  attention  may  be  profitalily  dircctetl.   ,..  .      . 
Tbese  are  cholesterine  and  pliusplionis.     Of  the  former  we  ■n<i  phMpho- 
an  not  have  lailed  to  remark  that  it  is  a  constant  ingredient  "^ 
b  the  product  of  the  action  of  the  liver.     It  is  a  lipoid,  and  ii^  found  in 
tiiEiny  calculi ;  and  though  it  may  be  regarded  in  one  warn  as  an  excre* 
mtaiiitioas  body,  since  it  occurs  in  farcal  matter,  yet  it  also  ap^jears  as 
ft  Donna]  constituent  of  the  blood.     It  may  therefore  be  inferred,  if  the 
Apiiiioa  of  its  existence  in  tltc  white  substance  of  8cliwann  lie  correct, 
llitt  il  is  one  among  the  %'ariouH  functions  of  tlic  liver  to  jirepare  t\\\n 
ha^.     Of  phoHphoras  it  might  be  said,  that  it,  among  the  chemical 
cknents,  is  most  strikingly  characterized  in  its  active  state  by  the  in- 
tniBly  of  its  affinity  for  oxygen.     On  tliia  de|)end8  its  quality  of  shining 
in  the  dark,  a  quality*  wJiich  has  given  it  a  name ;  bnt  by  many  agents, 
Hctu  for  example,  as  exposure  to  a  particular  temperature,  and  especially 
to  tlw  light  of  the  sua,  it  may  be  thrown  into  a  condition  so  completely 
P>iiBve  that  its  chemical  energies  disnpfiear.     The  doctrine  that  was  pre- 
'nitcd  in  explanation  of  the  deeitructioii  of  one  ]iart  of  the  system  by  the 
^r  introduced  by  rcsjiiralJon  while  another  is  protected  therefrom,  as  do- 
li^ndent  on  the  nllotropic  condition  of  those  |>afts,  is  presented  here  again 
(hscuasing  the  destruction  and  repair  of  the  nervous  tissue ;  for  it  is 
ly  wbca  it  is  ready  to  be  removed  that  tlie  phosphorizcd  constituent 
**«iunea  the  active  state,  and  in  so  doing  gives  rise  to  the  development 
"f  force.     On  this  view,  it  would  appear  that  such  phosphoriiced  com- 
Pooods  aiB  obtaincfl  from  the  vt^table  kingdom  in  the  food  iu  a  passive 
**4ie,  the  tasBues  of  plants  having  deoxidized  them  under  the  infiuence 
^  the  sunlight,  which  Bimultaneously  lias  thrown  them  into  the  condi- 
tion of  inactivity,  and  perhaps  it  is  the  assumption  of  that  very  condition 
^*Ukt  ig  the  lundamenlal  vaunts  of  their  deoxidation. 

By  tliv  aid  of  tlte  conclusions  to  which  wc  have  come  respecting  the 
''ttietioo  of  nerve-tuhea  and  vesicJes,  as  betrayed  by  their  an-  Funpiion*  of 
««omiad  structure,  wo  sliall  not  have  much  difficulty  in  ex-  ™n«-»lU«iiJ 
plajiiit^  the  offices  of  nervous  arcs  presently  to  be  described,  aidercd  eiMy 
TW  reaalis  at  which  we  thus  arrive,  from  a  consideration  of  '™*'*y' 
^htm  cellii,  arc  aingularly  fortified  by  the  electrical  experimont*  of  Gal- 
^^^oi,  Volta,  Nobili,  and  especially  tboBc  of  Volkmnnn.     Among  tlicse, 
*^  three  following  arc  of  primary  importance : 


I 


l«t.  When  a  continoous  electrical  current  ia  pMscd  along  a  rentrifit* 
Velloiiww't  g*'  Jier%-e.  coiitnictiuii  ol'tlie  muscles  which  that  nerve  sup}iUea 
fMulu.  takee  place,  aiid  continues  as  loii^  as  lUc  electric  curreiit  pass- 

es, without  rclaxiition,  but  ceases  tlie  moment  tke  current  is  stopped. 

2d.  When  n  fwntinuous  electric  current  \»  |)ufi6ixl  ihnnigh  a  guugUon, 
contraction  of  the  nmsclca  supplied  by  the  centrifugal  nerves  ot'  tliat  gau- 
glion  ensues.  These  oontractioiLs  do  not  altemnto  witli  relaxatian,  and 
on  stopping  the  cnrrrjit  the  contraction  docjt  not  cease  as  in  the  preced- 
ing case,  but  is  continued  for  a  period  ot*  time 

3d.  When  a  continuous  electric  current  is  passed  down  a  centripetal 
nerve,  muscular  contraction  of  tlie  parts  supplied  by  the  correspooding 
ocntrifugnl  tier^'es  occurs,  and  them  contractions  alternate  wttti  relax- 
ations. 

In  vipw  of  tlioflc  facts,  wc  are  brought  to  two  eoncluiuons :  First,  ttiat 
tliere  is  a  propcrtj-  in  the  ganglion  which  enables  it  to  hold  in  reserve  a 
portion  of  the  influence  brouglit  into  it,  so  as  to  keep  up  tlie  action  for  « 
period  of  lime  after  the  original  disturbing  cauws  have  cease«t  Second, 
that  the  structure  of  the  ganglion  is  such  as  to  permit  the  cscaj^e  of  (he 
coming  influence  by  lateral  ways,  either  periodically  or  otherwise,  and  ra 
to  produce  from  a  continuous  iuBucnce  an  intermitting  effect. 

Recalling  the  fact  tliat  a  ganglion  is  made  up  of  ncrvc-tubca  and  vcei- 
cles  conjointly,  thcAe  electrical  results  must  find  their  solution  in  titc  d- 
cmentary  structtire  of  the  ganglion,  that  is  to  say,  in  its  vesicular  por- 
tion ;  for  it  is  not  to  be  supposed  that  a  current  of  electricity,, such  as  we 
are  here  considering,  would  ever  have  an  opportunity  of  e8ca:]}tng  from 
the  axis  cylinder  along  which  it  passes.     The  iKotaliug  qmdKy.  of  the 
white  cylinder  of  Schwann  would  prevent  any  sucii  efl'ecL     It  is  not  nec- 
essary that  we  abonld  embarrass  ourselves  here  with  the  fact  that  clec-^ 
trie  currents  of  sufficient  intensity  could  make  their  way  out  from  the  tiKV 
tenor  channel  in  spite  of  its  insulating  invc:^titurp-  since  it  is  only  with 
those  of  a  far  leas  power  that  we  have  to  deal.     Arrived  in  the  vesicle,^ 
the  current  at  once  difTascA  itself  throughout  the  granular  material,  justfl 
in  the  same  manner  tliat  it  would  ditTuse  throughout  a  spherical  conduct- 
ing mass  if  brought  to  it  by  a  wire,  and  escape  therefrom  through  any  ^ 
number  of  similar  wires  that  might  clmticc  to  be  in  contact  with  the.  con-  ^ 
ducting  mass  beyond;  and  tlinngh  the  main  body  of  the  current  wouhl. 
as  may  be  readily  proveil,  un'lcr  these  circumstances  move  in  a  <liroct  ^ 
line  from  the  point  of  entry  to  the  point  of  exit,  there  would  be  nercrthe-'f 
less  a  diflfiision  of  part  of  it  through  the  conducting  mass,  no  portion 
thereof  remaining  unaffected.     In  a  good  conductor,  such  as  a  metal,  tluH 
laterally  divei^ing  airrcnt  would  instantly  escape,  but  the  case  Iwconic* 
very  different  in  the  less  ])erfectly  conducting  material,  the  gniuular  sub- 
stance within  the  cell.     Afl  in  the  secondary  piles  of  Hitter,  which,  when 
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bt  into  conUct  with  an  active  vollaic  circle,  |}articipatc  .-,j-_,  .^^ 
ilB  qualilii-^  pbvsiological  aiul  clicmiciLl,  give  shocks,  iho  tcMniUij- 
produce  decomposilioiiB,  ami  coritiniuj  to  do  so  Jbr  a  tirae  oft-  ^'  BJtw. 
frlheorif^iial  influence  luia  ccaae-d,  bo  a  similar  conBervation  occnrs  in  the 
imerior  ol*  the  vesicle ;  and  tins  1  consider  to  be  tlio  consequence  of  the 
diftrencc  of  otructure  of  the  *il>rou«  axis  cylinder  and  the  grainilar  v&i- 
dccootenls.  Tlic  continuous  lines  along  which  the  influence  has  l>ecn 
wmbg  tenninate  on  reaching  the  vesicle,  ajid  are  replaccl  by  a  divided 
and  inferior  conveying  stntcturc,  a  structure  which  recalls  at  once  the  sec- 
ondtfy  piles  of  Ritter  juat  alluded  to. 

\Vc  may  therefore  truly  fiay  that  these  eleetrieal  cx|)crimcn;*  offer  a 
tiTiking  continuation  nf  the  trutli  of  the  coiicluHions  to  Cw(Mi<i«i««.f 
irliidi  we  have  como  from  the  study  of  the  anatomical  struc-  "''!!"','^^!,_, 

-'  and  .'IccirUu 

tire  of  ft  nervous  arc.     They  assure  ua  that  a  vesicle,  and  'KautioatiMi. 

ibenfore  a  ganglion,  ha*  a  double  office  to  perfonn,  the  stopping,  reaerv- 

m^,  storing  up  a  part  of  the  intluetice  which  is  brought  to  it,  and  also 

tin  CDDveyiiig  of  that  incident  influence  into  many  new  chutincls.     These 

michsiims  are  aliogcllK;r  indcjjendent  of  any  coneeption  of  the  nature  of 

lie  nervous  agent :  it  may  be  identteal  witli,  or  allied  to,  electricity,  or  it 

naj  be  a  totally  different  principle.      It  is  not  that  question  which  we 

aicconoeming  oursch'ca  with  now.     We  are  dealing  witli  slruclurc  and 

lij  imorpretation.     Whatever  our  views  may  be  of  the  nature  ofiuuerwip 

tiiii,ve  Hhall  tuid  ourselves  constrained  to  infer  that  the  delayu,  diver- 

gnuct,  detentions,  and  sabsequent  (surrender,  the  opportunity  of  diveig- 

iogfiom  one  into  many  new  channels,  or  conversely  the oonvergonoe from 

Way  lines  of  entrj-  into  a  single  one  of  exit,  with  nil  tlic  accompanying 

i"tafcrcnoea  and  reactions,  must  he  common  to  iwth  the  electrical  and 

iw  aerrom  agent,  for  they  depend,  not  uptm  the  [|u&litic8  of  those  prin- 

oplcft,  but  upon  the  anatomical  atructnre  through  which  they  are  paasing. 

With  these  remarks  I  proceed  to  au  expoftiliori  of  the  typical  construc- 

^  Iwfigf  the  nervous  system,  pointing  out  its  successive  com-  HypotlKilcil 

The  hypothetical  diagrams  which  1  shoU  now  "i^^^ 

It  are  chiefly  for  the  eake  of  inipreftsing  the  conclu-  ""iiM. 

•"•*«  at  which  we  have  arrived  from  a  consideration  of  the  stnictore  of 

w  nervoiu  elements,  fibrous  and  vesicular,  the  experimental  dctermina- 

**"*  of  thoac  functions,  and  their  electrical  phenomena.     That  these  dia^ 

I^Bt        ,      grams  are,  however,  somewhat  more  than  imaginaiy 

sketches,  will  be  obvious  from  a  consideration  of  the 

nervous   inecliaiiisni    of  the  articulata,  which  offers 

striking  illustrations  of  them. 

The  simple  automatic  mTvo  arc,  J^iff.  122.  consists 

of  an  af!cTrnl  or  centripetal  fibre,  «,  oonnecled  conlin- 

■  wii>wikari:.     uou.*ly  wilh  all  eflereut  or  ceniril'ugal  fibre, «.     An 
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tinpreaaion  made  on  the  free  extremity  of  a  instantly  prodnces  i 

trat^ioii  in  ihc  niuHciilar  Hltrn  m,  wliicli  the  eff^ 
rent  liranch  i!  supplies.  The  whole  force  is  at 
once  consumed,  no  portion  of  it  remaining. 

The  simple  cellated  nerve  arc,  Fig.  123,  con- 
sists of  a  centripetiil  libre,  a,  which,  recdring 
impresBions  on  its  free  cxlremitr.  touTeys  them 
to  tiic  veaide  i\  from  whicli  Uie  UitiQence  passes 
forward  a]orig  tlic  centnliigal  tibre  <■,  causing  the 
muscxilar  fibre  m,  which  the  nerve  tuipplies,  to 
contract  An  impression  made  at  a  therefore  prodnces  motion  at  m. 
The  action  is  purely  autotnatic,  and  a  |)art  of  the  force  is  stored  up  or 
remains  in  tiio  vesicle. 

In  the  rigorea  here  given,  the  centripetal  and  centrifugal  fibres  are  rep- 
resenteil  a|iart.  Id  tact,  however^  tliey  may  bo  oonsidercd  a«  bound  to- 
gethcr»  for  the  sake  of  compactness,  witliout  tliere  being  any  fueion  or 
coalescence  of  stnicturc  or  functions.  It  \s  also  to  be  undLTstood  that 
tlie  free  cxtrcniitj-  of  the  ccntrijictal  fibre  in  connected  with  some  special 
tnecJianism  iulaptod  to  the  inHncnce  it  is  to  receive.  Thns  its  axis  tnjX' 
iiider  may  be  naked,  or  connected  with  a  vesicle,  or  with  an  apparatas 
for  the  reception  v(  light,  or  sound,  or  heat,  or  preesuiv,  &c. 

iluitiptc  automatic  nerve  ores  arise  trom  au  arrangement  of  many  such 
simple  arcs  in  succession  longitudinally,  as  in  /Ty. 
124.  or  it  may  be  in  a  circular  order.  The  former 
vant  \a  preHcnted  in  the  articulato,  tlie  latter  in  the  ra- 
diata.  Each  synmietricnl  portion  of  the  aninml  has 
its  own  nervous  nrc,  hut  as  such  symmetrical  portions 
arc  not  destined  to  live  an  independent  life,  but  to  act 
in  unison  with  the  others,  a  neoessity  arises  for  each 
arc  to  be  brought  in  relation  and  maintain  a  comicc- 
tion  with  the  others,  and  tlus  is  done  by  extcndii^ 
finm  gonplion  to  gai^ion  fibrctn  of  coinnumicAtiun,  c,  <;  which  may  here 
CpmivlMiirni  ^  Called  commissural  tihrcd.  >So  the  circle  of  ganglia  which 
***'^  surrounds  the  mouth  of  the  radiata  is  not  a  circular  arrangfr- 

ment  of  isolated  ganglia,  but  a  ring  of  ganglia  and  commissures  conjoint- 
ly. Where  the  ner\'oua  system  is  planned  symmetrically  on  the  two 
sides  of  the  mcjiial  plane,  the  ganglia  are  comniisHured  across  the  plane 
to  insure  a  reciprocity  of  action.  In  the  molluscs,  whose  organs  of  aoi- 
mal  Lfe  show  this  bilateral  symmetry,  and  which  have  three  toicb  gan- 
glia, t!ie  cephalic,  pedal,  and  parietoi*plancUiiic  each  is  commissored  with 
its  colleague  on  thu  otiier  side  of  tho  plane,  or  tliey  are  brought  up  to  the 
plane  and  juxtaposed,  the  oommii^sure  then  disappearing,  but  their  bt- 
lobed  aapcct  betraying  their  separate  construction.     The  coalescence  fr^ 
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quently  becomes  more  intimate,  and  nil  traces  of  tbe 
origiiiaJ  doable  construction  dUapp«ar. 

The  letters  remaining  tlie  same  as  in  the  preced- 
ing diagrams,  J^i^.  125  represents  the  manner  of 
couimisfttiring  acraes  tlic  mesial  plane. 

As  iltuatmtious  of  the  manner  in  which  thcsi' 
mechanical  principles  are  carried  out,  the  following 
figures  are  given. 
/7^.  120,  nervona  flystem  of  the  larva  of  the  sphinx  li- 
guslri,  showing  the  suoceseivearrangoinent  of  niul-  ... 
tipio  nerre-arcs  from  1  to  11,  commiMSured  with  fr«m  v«rio«i 
one  another,  and  all  with  tlie  cephalic  ganglion  *" """  ' 
17.  which  ill  their  common  raster. 

p(^.  m.  Fig,  127,  the  pnpa  condition  of 

the  same  insect,  and  Fig.  1 28  the 
imago.     (Newport.) 

Fig.  129,  nenouB  nyi«tem  of  the 
astcrias,  in  its  elementary  parts. 
It  consists  of  a  series  of  five  gan- 
glia, g,  g,  cixculariy  ananged  round 
^  _  jiV-  la 


Fif.  in. 


»"j  «,a(  mMn  Hfmmt  «r«cia  «t  %rrti>u« ■jrMino of 
"•*«^»»«'«  p<*pa  af  ipUiut  It-    li<i«Bii"f»iililmll- 

'»*«  month  of  the  animal,  and  giving  forth 

*o  "eadi  ray  n  pair  of  nerves.     (Tiedemann.) 

r«  ^3lK  Fig.  I  ^\  nervous  system 

■t       of  patella:  /,/,  lateral  ganglia, 

commissurcd  with  the  ceplial- 

^   ic,  which  is  between  them ;  t, 

(\   the  transverso  or  eubcesopha- 

,^f  geal  ganglion,  cummissured  in 

'    ""^  like  numner.     (Ouvier.) 

■^tg.  131,  nervous  aystem  of  eepia  octo- 

P***-  c,  cephalic  ganglion :  o,  o,  optic  gon- 

S***i  7.  tiuI)crso]ihagcal  ganglion;  /, /,  lat- 

"'*'  Btelkte  ganglia;  <r,  abdominal  or  vis- 

***i  gangtioD.     (Cavier.) 


Norroiu  nyitcni  oT  M^rtaA 
ny.  111. 
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Fig.  1 32,  nervous  system  of  aplysia :  il,  an-  "*■  '^'• 

Icrior  ganglion ;    c,  ccplialic ;  /,  /«  lateral ;  ^, 
sbdominal. 

lutlic  mechanical  interpretation  of  the  nerv- 
FuMiionrf  oiw  itysujui,  llic  action  ol' connnis- 
<«aiatM«ref.  gural  strantla  is  a  jioint  of  primary 
irnportam-e.  It  may  Iw  said  lliat  lliey  are  for 
(lie  purpose  of  driiwing  oH'from  tlie  nerve  arc  a 
|Mrt  of  tlic  ioflucncc  which  is  coming  along  the 
centripetal  ftliro,  and  directing  it  into  a  newchan- 
nd.  If  ttuch  coarse  illustrations  arc  ponniiwi- 
tle,  the  vesicles  act  like  a  tlirea-tray  cock,  or 
perhaps  like  a  piucc  of  lookirig-gla»»  with  a 
\wcl  of  tlie  foil  removed  from  it»  miiL^t;  a  ii«r>wM wiw of mt»t^^ 
beam  of  light  impinging  upon  it  is  in  part  retiecled.  and  port  escapes  be- 
hind through  tho  uncovered  space.  Though  1  have  dcscrilicd  the  airaplt 
cdlalcd  ucnc  arc  as  containing  essentially  a  ganglion  or  ^Tsicle,  it  is  not 
to  he  AUppo.4rrI  that  Ruch  a  structure  noces&arily  impnv<(aes  any  chosgc 
on  the  incomhig  infloencc  Since,  if  wc  irritate  a  ccntrijKtal  fibrr,  mus- 
cular motion  nmy  cn*tic  from  proiiagation  of  that  irritation  through  the 
gangliont  and  if  wc  irritate  a  centrifugal  6bine,  muscular  motion  ctjually 
onsacs,  it  is  quite  clear  that  in  tlic  so-called  action  of  reflection  by  the 
ganglion  there  is,  in  reality,  no  change  in  tlie  intlnenoc  which  has  been 
brouglit  along  tho  ccntri|M;tal  fibre.  The  some  impression  on  any  pun 
of  tlie  nervous  arc,  no  matter  on  which  Hide  of  tiie  ganglion  ic  may  be 
mode,  will  produce  the  same  mui^culnr  result.  h 

Sudi  con<tidcralions  tbercfbiv  lead  us  to  suspect  that  nothing  takcJBj 
ArfofKfleo-  piflce  in  tht;  ganglion  which  justi6cs  such  an  expression  ai« 
tiow.  ..jy-t  of  reflexion"'  or  "reflex  action,"  terms  which  convey  an 

idea  tiiat  the  influenco  whicli  passes  in  the  two  branches  of  the  nerve 
arc  is  different,  the  difference  having  been  established  or  lirought  on  by 
the  ganglion.     They  euntirm  the  opinion  that  llic  ganglion  has,  for  one  of  ' 
its  primary  duties,  the  function  of  permitting  an  escape  of  the  influence    i 
passing  in  the  interior  of  the  centripetal  fibre  into  new  channel-^  for  thflA 
establishment  of  new  results.  " 

In  the  simple  automatic  ner^'e  arc  the  impression  and  the  efiect  are  in* 
Initanuneoiu  stantaneous.  An  irritation  of  the  centripetal  branch  pn>- 
mctioD  of  tiM  duceH,  without  any  sensible  interval  of  time,  niU;*cular  con- 
"*^"^  traction  tlirougli  llie  action  of  the  centrifugal  branch,  and  that 
contraction  ceases  the  nionienl  lli«  inipression  is  over.  But  the  open* 
ftMorrislKciiuii  ing  out  of  the  nerve  an:s  by  the  introdndion  of  a  vcsl 
ainWutAurK.  peniiitu  a  part  of  the  influence,  whatever  it  may  be,  to 
drawn  ofl*,  and  this,  now  jKissing  along  the  commissural  line,  tnay  be  dis- 
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pond  of  in  two  different  ways:  Ist.  The  influence  thtin  drawn  off  may 
be  initanianeoualy  consumed  or  utilized  by  exciting,  through  adjacent 
tinpleucst  synclironons  movements;  or,  2d.  It  may  be  held  in  rairxvc 
for  future  tisc  by  being  carried  along  the  commissure  to  a  receiving,  or, 
u  I  may  term  it,  registering  ganglion. 

This,  ibcretbre,  introduoea  a  more  complex  mechanitstn,  which  may  be 

tl«»i;nated  as. 

The  registering  nerve  ate,  the  typical  conBtructioii  of  which  is  rcpre- 

rV-iM-  sented  in  Fuj.  133.     In  tiiis  we  have  the    R^«ierin« 

centripetal,  d,  and  eentrifngal  fibre,  e,  \v^  be-    """  "f^- 

fore,  in  connection  with  their  central  vesicle,  v  ;  bnt, 

pastiiing  from  that  central  vcaiclc,  a  commiBsnral  (Jhrc, 

c,  oAer^  a  channel  of  escape  of  a  part  of  the  influence 

which  so  reaches  the  rc^stering  ganglion,  r,  and  luukea 

a  |>ermauciit  impression  npon  it  by  dimturbing  its  con- 

tiM«uiwr*»w<v     (liiion  phygically  or  clicmically ;  and,  since  many  ncrv- 

Mi  DCS  may  be  thus  commisiturcd  upon  the  flame  roistering  ganglion,  it 

tioi  becomes  for  them  all  a  central  point  of  deposit  and  a  centre  of  com- 

Ben  Ktion.     And  in  this  manner  not  only  is  a  trmporaiy  VarULic  i-r- 

■ftoMiCc  converted  into  a  permanent  impression,  hut,  from  f'"^^'^'"''^f">i'> 

ibeiitteraction  of  such  imprcasions  npon  one  another,  new  joruiuna. 

■M  vatiaUe  results  arise.     Some  illuslmlionti  were  given  a  few  pages 

Wkoftho  development  of  the  variable  from  the  invariable  in  the  case 

<if  QOrttin  ordinary  physical  phenomena,  and  these  may  be  proKiably  re- 

nncd  to  again. 

A  modification  of  the  registering  nerve  arc  is  presented  in  Fig.  184, 

%tti     which  cxiiibita  the  suppression  of  tlie  centrifugal  „  t,x,miA(M<,t 

branch,  the  whole  influence  received  passing  along  crrtrirug*i 

the  commissural  line  to  the  regie tcriug  ganglion.    """    ' 

This  condition  of  things  may  occur  when  the  centripetal  branch 

at  its  froc  extremity  is  involved  in  a  mechanism  of  special 

sense,  olfactive.  ophthalmic,  or  auditory.     No  jMirt  of  the  im- 

pre^ion  thus  received  is  ncccttniariiy  expended  at  once:  the 

whole  mav  be  thus  retained,  and  utilized  at  a  future  time. 

**^>»m,     The  introduction  of  the  registering  ganglion  is  thus  the  in- 

""•Itwion  of  the  clement  of  lime  in  a  UWng  mechanism.     In  the  lower 

™i»  of  arc  an  impression  is  instantaneously  c-xjK'-ndcd,  in  this  it  w  prc- 

The  common  centre  or  register  of  whatever  impressions  have  been  re- 
^*Tcd  by  tlie  tipeciat  sense  iitstrumenls,  olfactive,  ophthalmic,  or  auditory, 
"ttll  ■£  jinprcsjiiona  of  a  gimwal  tactile  kind,  is  ddublless 
"*  U  [iru])eHy  regarded  as  the  scnsoriuni.      Though  animals 
s^wuntcd  on  this  typo  accomplish  many  variable  actions,  tliat  varinbil- 


Zftt  nue  urrunarTLU.  amc 

Hf  U  /— -f '-i[y  ftii'l  pard/  satninaiic.  A»  tudx  raaj  be  regarded  tbe 
Imtifii '  "t'  'rf  \^KM,  may  two  oT  which,  if  ^imeeA  nader  the  attoe 

f>ilr>'MHiJiliiiK'-«>«.  w:l  with  nndevutiRg  ceruititj  in  tl»e  Rsioe  mj.  Tbe 
wlioln  inrt*T  iif  li(«  of  on«  of  liwie  ioKCto  u  tbe  whole  career  of  xny  otb> 
nr.  Tlii^^r  IhiiM  ilf'ir  cmiibi  now  in  tbe  same  way  tliat  tbey  did  a  tboor 
Mtfl  yifHrw  14(111  their  lUily  doin^^  arc  tho  siuzie  as  tbey  have  ever  been. 
K,kn«|)l  nit  M|tnr<tii  Ji  (mrtieuUrf  hereafter  to  be  pointed  out,  ibey  way  bo 
fiitfanli"!  ni  uiiioiiiaiima. 

Tho  liilrrHliictioii  i>ru  tvpMnrxng  ganglion  ncccasarilf  gives  rim:  to  on 
ltn»'t  ••fill*  III-  iiRti'iiKitUi  of  tlic  jihy*itjil  nltifions  of  an  animal  by  connect- 
r«"'rt.'rl(il''*  '"K  '•"  1"^'"*'"*  t'xiitlinici-  with  antecedent  facts,  for  the  gan- 
OHalkm.  Khdii  al  uny  moment  oontaina  tJie  relica  of  all  the  impres- 
■Utn«  that  hn^'<<  iN'nri  ninths  on  it  up  to  that  lime,  and  tlicse  exrrt  their  in- 
Ihti'niHt  nil  liny  nrlinn  it  in  ulMint  to  net  n|».  In  virtue  of  llieni.  tbt;  nerv- 
nim  ntiy^hnninin  ban  imw  llio  power  of  mndifying  whatevej-  impressiooa 
niny  l>n  iimito  on  ili«  n'ntri|H>inl  in-n-en,  and,  within  t-i^nain  limits,  of  con- 
ii>rMii){  UuMii  into  (btU'n'ini  n<!«ultii.  Vet  still  the  aniomuiic  condition  ia 
Itont^  l\\r>  ItUM  dictiiict,  aiid  aiill  the  immediate  aource  of  every  action  talo 
Iw  lonnd  in  tt\it>rtint  inipre*i*ioh0. 

An  imWAUtifi  a>u))Jvxity  of  ner\-nii«  stntcture  ts  next  evidenced  by  a 
tiMMn  *nA  di^-tMm  of  the  rv^inirhn^'  ^ngliou  into  two  portions,  wbicb, 
IWMWM*<M  ^ii),  mmift  iiKornH'tnewa,  nmy  lie  designated  aeosory  and  mo- 
IW  Ii4w4k  a  dirinion  whii'h  ia  prefwiniturA'  to,  and.  indeed,  obrioualy  con- 
MMiod  vitK  ttie  intTvxUu-tioi\  of  a  totally  new  method  of  action  and  source 
*\f  ^vwvr. 

\w  /'*y>  X^  ft*  Wt*  «n  iimX  AtnA  of  tins  new  condition  of  tKis^ 
n.  tw.         "^^  btNn  ttnd  tn  tbe  ytmibig  «••««,  m  this  refer  i^ain 

yto  iKe  mnw  ytatK  Bat  now  it  ia  sen  ia  additaoa  tbal 
tU  v^Mlmv  gM^kiw  Ua  m—ii  n  bibbed  «ai«b 
*  —>  Ifcabai—iwfwli'ra^y  mApiiiaf  ite  t— ny  mti  mo- 
frfatifMW.««;»»Mthihng«i^irftnwiamnitBmr,> 
<Jfv  1 r^wwl  inw.  ■  h  \rwf.  *»  »  I      '  |l  i  •    1  cnttec- 

iMi  «fe'  TTi  [i  nkf  attiMk  *  «.  iW  RHMaaHm  cf  a  cei»- 
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world  are  the   senBorr  ganglia  flnii  the  tmrelvral   EvWcnwoftii.. 

lienisplierGR.     We  may  now  proliiaUy  iiumire  wliothar  any  '■)ii»*«'>r»i*ib« 

tt^tuent  in  behalf  of  the  cxintcncc  ot  fiiich  an  agent  may  rro»  cmbnti 

begilbcred  from  the  anatoniical  and  physiological  bets  just  •*™<:*«"' 

ptt»cBt«i,  or  wliether  we  must  assume  it  os  a  postulate,  relying  for  proof 

«D  evidences  of  a  totally  ditt'erent  character  to  those  wliich  ore  presented 

brUic  science  now  en^ging  our  alleiilion.     It  is  to  be  greatly  regretted 

titti  evidence  drawn  from  gtructural  arrangement  Ims  tulherfo,  by  very 

bigfa  sutiiorily,  cither  been  totally  caat  aside  or  held  in  very  light  esleem. 

It  is  Rtill  more  deeply  to  Iw  rcgrt^ttcd  liiat  those  who  should  have  knoim 

bfttcr  have  conceded  the  argument  that  trom  no  con ai deration  based 

upon  anatomical  or  stractnral  arrangement  conld  proof  be  obtained  of 

tie  exisiTencc  of  an  immaterial  principle.      Even  by  such,  tlie  study  of 

pliiiiioJbgy  Itas  been  designated  a«  leading,  to  materialism,  and,  irith  an 

injontice  which  oui  not  W  too  emphatically  n'probated,  tJie  scandal  has 

oiieD  Iwen  quoted,  thai  where  there  are  three  pIiystciaiiB  there  are  two 

aibeiats. 

Bat  what  if  it  should  turn  out  tliat,  from  the  Rtudy  of  the  cerebral 
mcdianijim.  diiittnct  proof  can  be  obtained  on  thiA  point — proof  of  just  as 
o^jt  a  nature  in  9np(K)rt  of  the  doctrine  of  the  existence  of  the  soul 
«j  that  which  wc  have  of  the  existence  of  the  external  world,  and  of  pre- 
cisely the  same  charactcrt     Without,  thereforef  occupying  myself  irith 
■heIi  oliier  evidence  as  might  be  drawn  from  tlic.ologii:a]  or  metaphysical 
Mmees,  and  which  aro  therefore  extraneous  to  the  ohjeet  of  thi»  work,  1 
abill  proceed  to  [raJnt  out  such  considorations  as  naiiirally  oH'er  tliem- 
■etves  to  our  minds  when  we  readl  the  grneral  structnrc  of  the  nervous 
KfipUBtus.      Repeating^  therefore,  such  facts  as  may  be  necessary  for  the 
pniMT  understanding  of  this  interesting  argument,  I  prciKnt  it  as  follows : 
The  simple  cellated  ner\-oU9  arc  consists  essentially  of  these  portions, 
»  Kntn|ietal  fibre,  a  vesicle,  and  a  centrifugal  tibre ;  the  cen-  a,„o„,^^ 
tri^tal  fibre  may  have  at  its  outward  or  receiving  extremity  mcdimaina  of 
•Wndar  or  cellular  material.     Tliiia  constituted,  this  tnecJi-  *  ""^*  ""'■ 
niKD  is  ready  to  receive  external  impressions,  which,  if  such  language 
"«y  be  appropriately  used,  are  converted  or  reflected  in  part  by  the  gan- 
glioii  into  motions,  and  the  residue  retained.      But  the  ar<%  viewed  l)y  il- 
*"^  i«  a  mere  instmmc-nt,  ready,  it  is  true,  for  action,  but  posscss^ing  no 
"xcrior  power  of  its  own.     It  is  as  automatic  as  any  mechanical  con- 
'°*iiice  in  which,  before  a  given  motion  can  be  made,  a  certain  spring 
'"lat  be  touched. 

Ilw  essential  condition  of  the  activity  of  such  a  nervous  arc  is  there- 
'sjr*!  the  |ire«*Mce  and  influence  of  an  external  agent — a  somo-  r^^_  „ 
'"'npwhich  cin  conimBncc  the  primitive  impression,  forwith-  osirnni  agmi 
****  it  ihc  mechanism  can  display  no  kind  of  result.     More-     *""'^- 
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over,  there  must  be  an  adAptaticn  between  the  nature  of  tliat  agent  and 
tlie  9trtictnrc  tliiis  brougbt  in  relation  wicli  ir,  as  i»  strikingly  illustrnteil 
by  each  of  the  org&na  of  sense.  Thus  the  peripheral  oxircmities  of  the 
ttbriln  of  the  optic  nerve  are  involvwl  in  a  combiiuilion  of  a  purely  phys- 
ical kind,  having  relation  to  the  properties  of  light :  the  convex  uurlace 
of  the  cornea,  the  nncquieurved  lens,  the  diapliragmatic  bis,  the  interior 
inve-Htiture  of  black  pigment,  these  are  all  HtrncturcK  the  object  of  whidi 
wo  clearly  uiuhTatand.  We  know  that  the  rays  of  liglit  niuHt  undergo 
rcftaclion  at  tlie  curved  snrfaces  upon  which  they  are  incident,  and  de- 
pict the  images  of  external  forms  on  the  retina  or  black  pigment,  the  iris 
expanding  or  contracting,  as  tbc  case  may  bcT  to  regulate  the  entrance  of 
AdnputicFo  be-  tlw  Ught.  So  Completely  do  we  admit  this  principle  of  an 
InSThJ'n.'^u'*  a'-l-''platioii  of  structure  to  the  nature  of  the  agent  wliicli  ia 
kdIhu.  to  tict  it  in  activity,  that  in  tliiis  puiticular  inetatice,  without 

any  hesitation,  we  class  the  eye  among  optical  inHtrumenls,  and  include 
itit  dcacription  in  our  optical  treatises.  Itut  in  the  same  manner  that, 
slaTliiig  from  the  well-known  projMirtica  of  light,  wc  advance  to  the  ex- 
planation of  the  URVA  of  each  of  the  various  partJi  of  the  eye,  theie  can  be 
no  doubt  that  the  converse  of  this  method  of  i-easoning  would  bo  posai- 
lile  to  an  intellect  of  sufficient  power,  who,  from  a  full  consideration  of 
the  structure  of  the  eye,  might  determine  the  proiicrties  of  light,  gaidcd 
in  doing  this  by  the  principle  that  there  must  be  an  adaptation  between 
such  structures  and  such  |iropcrtic& ;  and.  in  ihc  »aiiie  manner,  a  man 
deaf  and  du tub,  but  of  an  inteUect  of  great  ca]iuc^ity,  iiiiglit  doubtlces, 
from  the  critical  etudy  of  the  construction  of  thu  ear,  detcnnine  the  na- 
ture of  sounds.  Nay,  even  more,  it  is  not  imjiossiblc  that  be  should  be 
able  to  compaTc  together  the  physical  |)eculiarity  of  tbc  niovcmenta  whicli 
constitute  light  or  sound  rcH.jMV.tivcly,  and  to  demonstrate  that  these 
onginntc  in  normal,  and  those  in  transverse  ^■ibrations. 

80,  therefore,  these  problems  jfresont  thcms^clves  midcr  a  double  ajapect, 
S*iitiirp(rfiii-  and  are  capable  both  of  a  direct  and  an  inverse  solutions 
1<*4m1  prob-  *-*'*"*'^i  ''"■'  "«ture  of  light,  to  determine  what  nuist  necessarily 
li'im.  be  the  construction  of  [he  organ  of  vision  ;  or,  tJ-ivcn  the  con- 

struction of  the  eye,  to  determine  what  is  tho  nature  of  light ;  and  the 
fiame  might  ho  said  of  the  organ  of  hearing.  This  inverse  method  of 
treating  natural  agents  is  still  in  its  infancy,  because  of  the  extreme  im- 
perfection of  our  knowledge:  but  doubtless  what  has  been  said  will  re- 
call to  tlie  mind  of  the  reader  the  pariUlel  example  which  is  funiished  by 
astronomy,  and  whicli,  within  a  tew  years  past,  has  yielded  snuh  a  splen- 
did «»ult.  The  maas  of  a  ])lanet  being  known,  the  perturbations  which 
it  can  cause  in  another  are  capable  of  direct  computation,  but  it  was  re- 
ftcn-ed  for  Leverrier  to  dijicuas  tbt!  invcnue  problem,  aud  from  the  per- 
larbalions  to  liud  the  place  of  ihc  phincl.  Tiie  discovery  of  Nvplime 
was  the  result- 
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Kow  the  proLlcm  we  are  dcHling  with  in  of  iliin  inverse  kind.  It  may 
stated.  tJiveii  tho  flimctiirc  of  llio  cereliniiii,  to  detfrmino  the  iintnre 
'the  agent  ihnt  sets  it  in  action.  And  herein  the  ti)L-t  which  chictiv* 
guides  lui  ijt  the  nhsolute  analogy  in  construction  between  the  elementary 
ami^cmenl  oi'the  tervl-roni  and  any  oilier  ucrvuHK  Jirc.  In  it  we  plaiidy 
.accognixo  tlie  centripetal  and  centrifugal  Hbi-et^,  and  their  con-  ExuniAl  miiu- 
■TOgcnce  lo  the  seasoty  ganglia,  the  cor[)us  piiiutura  and  ".^il^^lJilJii^',,. 

Cptic  tluiloiuuH:  we  notice  the  vet^icular  innicnal  at  iheir  linlarc. 
xlenial  {KTiphery  us  prc»ciiled  in  the  convoliitiuns  of  the  human  brain  : 
«nd  if  in  other  norvons  arus  iho  Ktruclun:  is  merely  antomatic,  and  can 
^splny  no  phenomena  of  itself,  but  requirea  tlie  influc-ncc  of  an  external 
\t — it'  the  optical  apparatus  be  inert  and  without  value  save  under 
influences  oi"  hght — if  tlic  aiuiiton-  apparatus  yields  no  result  save 
the  impre.tsions  of  sound — since  there  is  between  Uiesc  structua'S 
the  elementary  atracturc  of  the  cerebrum  a  perfect  analog}',  wc  are 
entitled  lo  come  to  the  same  conclusion  in  thltt  instancu  as  in  iJiusu,  and, 
aweiting  the  absolute  inertness  of  the  cerebral  structure  in  itself 
"IQ  imptttc  the  phenomena  it  displays  to  an  agent  as  perfectly 
cutenuil  to  the  body  and  as  indepcndetit  of  it  aa  arc  light  and  sound, 
and  tliat  agent  is  the  soul. 

It  would  not  comport  with  the  object  of  this  work  to  pursue  this  nr- 
gUMint  in  its  detaihs.  yet  I  can  not  for1>car  obsen'ing  that,  even  ao  far  a:* 
wchave  already  advanced,  the  point  which,  after  all,  is  of  tlie  utmost 
tnportiuwe,  i&  completely  attained.  Those  who  have  accused  physiology 
oftouliag  toward  maierialii^ni  have  never  duly  weighed  tlic  aecui^atiuii 
-^igj  make,  and  certainly  liavc  never  understood  iho  nature  of  the  argii- 
vati  h  can  present ;  for  such  as  the  one  hero  impeH'ectly  set  forth,  trom 
tlarlangiblo  nature,  will  commend  themselves  to  many  minds  who  do 
*ntit|ipreciatc  the  strength  of  purely  metaphysical  arguments,  and  herein 
thpTinay  become  subservient  to  the  highest  and  most  enduring  interests 
frfoBT  raiic. 

Aod  thus  it  may  be  proved  that  thoRC  actions  which  wc  term  intellectual 
Jouot  spring  from  mere  matter  alone,  nor  are  they  functions  |„j„,^_j„„(^ 
'Tmtc  mftterial  combinotlons;  forthougii  it  is  inilii<pulably  and  immoriHl- 
I  th»t  the  fnind  seems  to  grow  with  the  bodily  Btructure,  "'  *'  "*  "^^ 
1  declines  with  it,  exhibiting  the  full  pertcction  of  its  powers  at  the 
priod  of  bodily  maturity,  it  may  be  demonstrated  that  all  this  nri.-*f* 
^■^  the  increase,  pcrlcction,  and  diniinntion  of  the  instrument  through 
*Wii  it  is  working.  An  accomplished  artisan  ciin  not  display  his  {K)u'cr 
llwoiph  an  im|tfrrfoct  tool,  nor,  if  the  tool  should  be  broken,  or  bocoine 
"••less  through  impairment,  is  it  any  proof  tliat  the  artisan  has  ceased  to 
ttw:  uid  30,  thongh  we  admit  that  there  is  a  eorrespondence  between 
'^development  of  the  mind  and  (he  growth  of  the  body,  we  deny  llmt 
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il  fallowR  from  tliat,  eJtlier  tiiat  ilic  mind  did  not  pre-exUt,  or  (hat  Ihe 
Jtriitli  oftlic  tuflv  implies  i\H  aniiiliiliition. 

If  it  fell  within  tlie  compfiHS  ot'uur  plan,  we  tnigiit  prooeod  to  conBider 
o  -i  1  IIS  ^^^^  ^^^*  Bincc  tbe  mind  can  net  upon  external  nature  tlirou^ 
•jifcfting  tJi«  ilie  intervention  of  the  bodily  niechaiusm,  the  converse  is 
wd'^MiwrL^.  P<i*-''ihlc ;  how,  since  the  face  of  things  around  us  can  he 
•d  by  diffiiraat  changed  hy  onr  voltmtary  cxcrtionB,  the  intellectual  faculties 
may  be  changed  hy  the  action  of  external  nature  through  the 
bodily  meclumitim.  And  «iuce  we  have  establislieJ  the  existence  of  the 
intellectual  principle  as  external  to  the  body,  we  might  proceed,  for  now 
we  are  entitled  so  to  do,  to  reason  re«pectiujr  its  nature  froui  the  phenom- 
ena it  displays.  X  do  not,  however,  propose  to  enter  on  those  considera- 
tions now,  and  tthall  close  tlic^n  remarks  wttli  a  reterenoe  to  some  doc- 
trines proposed  by  the  nioai  highly -advanced  and  intellectual  portions  of 
the  human  family. 

It  is  said  that  the  spirit  of  man  is  created  in  the  image  of  Ood,  an  ob- 
scn-ation  strikin^dy  illustrated  by  the  fact  that,  as  rej^arda  holh,  two  es- 
gentially  different  doctrines  liavo  been  lidd — the  pantheistic,  by  some  of . 
the  most  highly  advanecd  of  the  Asiatics,  and  the  anthropomorphic,  by 
the  Europeans.  The  pantheistic  sujjposes  the  human  soul  to  be  a  part 
of  the  Ueity,  and  therefore  devoid  of  form ;  the  antliroiwjmorphic  as  liav- 
ing  the  likeness  of  the  Iwdy.  TJiu  Asiaticis  then,  regarding  the  DeJty  as 
a  principle  diffused  in  and  throu(;liuui  nature,  consider  the  spirit  of  man 
as  a  part  or  portion  thereof,  and  often  use  such  illustrative  allusions  as 
those  of  a  drop  of  water  in  the  oeean^  a  spark  of  a  universal  and  vital 
flame;  or,  if  tlioy  do  not  accept  this  view  of  a  oneness  in  the  nature  ot' 
spirit  and  Deity,  they  regard  the  former  as  arising  in  some  manner  from 
the  latter,  just  as  waves  may  exist  uixin  the  sea,  or  sounds  may  arise  hi 
the  air.  Tlicy  believe  that  at  death  liiere  is,  m  it  were,  a  reunion  of  the 
part  with  the  whole,  as  every  drop  of  water  sooner  or  later  finds  its  way 
back  to  the  sea,  or  waves  become  quiet  and  disappear,  or  sounds  die  away 
in  the  air. 

Ihit  with  KurojK'jui  nations  there  hatt  l)een,  from  their  very  infanc\'.  a 
tendency  to  the  anllimiioriioriiiiic  conception.  The  barbariaiia  tiefore  llie 
Roman  empire,  in  tlieir  legendar}*  tables,  accepted  the  idea  o(  disembod- 
ied spirits  under  the  shajic  of  men,  and  tlironj;li  the  inter\-ening  ages  up 
to  our  own  times,  such  notions,  under  various  fonns,  have  been  held. 
The  rural  populations  entertain  an  undoubted  faith  in  fairies  and  ghosl.'^, 
so  that  it  might  1)0  asserted  that  this  manner  of  viewing  the  thing  I.-* 
almost  natural  to  iis-  We  instinctively  represent  to  ourselves  in  this 
way  the  immaterial  priuciple,  aiid  io  the  case  of  each  individual  expect  a 
correspondence  between  it  and  his  bodily  fonn,  WHiatever  may  be  our 
authority  fur  arriving  at  such  a  cundufion,  there  can  be  no  doubt  that  it 
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» f pectalizes  and  inteneiBea  our  ideas,  and  is  bo  connected  with  many 
of  our  most  biglily  clicrislicd  recollections,  tiiat.  even  were  ihc  evidence 
ID  iu  behalf  &r  weaker  than  it  actually  in,  we  ahould  look  ivitliout  favor 
00  any  attempt  to  invalidate  the  doctrine,  and,  if  forced  to  do  so,  aliould 
ibBBcloii  il  with  regret.  Tlie  pantheistic  is  a  grand  but  cold  plulosoph- 
Ral  idea:  tlie  anthropuinorphic  embodies  our  rccolleclions,  and  rcdtoree 
to  na  our  dead^  The  one  is  the  dn^in  of  the  iutellecti  tiie  otlter  is  the 
Aope  of  the  heart. 

We  have,  thus  traoril  nnt  the  essential  ekmcnts  of  the  nervous  ma- 
chine in  its  highest  complexity,  and  shonrn  ha  gradual  rise  lnif«rt«-iioa 
fnaa  the  purely  automatic  to  the  influential.     Wo  may  there-    .  j!Jt«^ 
fore  comprehend  the  ditHculties  under  which  metaphysicians  uona. 
labor,  who  contbtind  all  these  parta  and  all  these  huictiona  together,  and 
|iUA  over  as  of  no  acconnt  tlic  guiding  indications  which  arc  furnished 
ty  tlie  study  of  structure.     It  ia  not  difficult  for  the  physiologist,  en- 
li^ilencd  by  the  knowledge  he  posaeaseB,  to  recognize  the  various  poiuls 
mi  whicli  these  philosophers  go  astray — tlic  |X)int  at  which  their  thoorioe 
cctte  to  be  repre»cntaitONA  of  the  tniiii.     Ho  acknowledges  the  existence 
<if  as  external  nature,  and  equally  the  existence  of  an  immalerial  spirit, 
■ad  to  their  action  on  or  relation  to  enxih  otiier  he  traces  the  resulting 
I  pbcnomcfUL     1  Ic  admits  that,  among  certain  cla.'fses  of  Ufe^  every  motion 
I  «ad  «very  sensation  is  due  to  external  nature  alone,  but  to  these  purely 
autonulic  groups  man  docjs  not  belong.     Uv  repudiates  the  doctrines  of 
tlw  idealist,  Iwcause,  though  they  may  maintain  thuuisclvcs  in  the  uncer- 
tunties  of  metapiiyficid  argument,  they  are  dissipated  at  once  in  the  more 
wentr-  trial  of  anatomical  discussion. 

Tbne  arc  two  fundamental  idejia  esaentially  attached  to  all  our  pcr- 
wptuma  of  external  things:  they  arc  si'ACK  and  timf,,  and  rr<i.i.ioiiiiniw 
6r  Uiese  an  early  provision  is  made  in  the  nervous  median-  °'-''l'*j'"  •)*wtii 
i«»,wliilc  yet  it  is  in  an  almost  rudimentary  slate.  The  tp*™ -iiJ  Unw. 
detvlopuient  of  the  eye  and  the  ear,  as  we  shall  inore  particularly  lind 
*iiui  we  come  to  the  description  of  these  organs,  is  for  this  purpose.  In 
KfiUloaophical  respect  tlie  eye  is  the  organ  of  space,  and  the  ear  of  Umc : 
^paooptioQs  of  which,  by  the  elaborate  mcchmnsm  of  these  structures, 
Ueuic  infinitely  more  precise  than  wonhl  be  possible  if  tlie  sense  of 
•"■eh  alone  were  resorted  to.  The  indications  thus  gathered  are  trans- 
latttd  by  the  optic  and  auditor^'  ncr^'ca  respectively  to  the  brain. 

In  iu  highest  condition  of  development,  the  nervous  mechanism  lias  a 
(onefold  o|>eration,  objective,  subjective,  and  impersonal.  ot'}etdv«,t«t»- 
^^yective  ideas  arise  in  external  facts ;  subjective  iu  register-  j^'^i^^^p. 
'"■■inpreaaions:  the  iin{>cr8unal,jia,  for  example,  the  abi^tract  cnUvu. 
'"'ths  of  geomelfy,  issue  of  pure  reason,  and  are  theretbrc  to  be  altrib- 
"'^d  to  the  essential  nature  of  the  soul.  Of  tlicse  three  elementary  con- 
""ueats  all  hnmaii  knowledge  conaists. 
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Aa  respects  subjective  or  registered  impreasiona,  a  few  remarks  may 
be  hevc  niadp.     Tiirrc  can  not  be  a  doubt  ibat  tbe  reshtry 

lUailraLianinf  ...  i      i  ■         i 

ih«  vvhiIkm  «r  of  impresflioiia  mvoivei*  an  actual  ntnicttiral  cliaiige  m  tlif 
imjirwrtoiu.  ganglion,  wliich  U  of  a  jjcrmanent  cbaracier.  These  changes 
may  be  rudely  and  imperfectly  iUuitlrated  by  uxiJirriniynts,  sucli  as  I  jnil^ 
liBbed  years  ago,  of  which  the  following  may  be  taken  as  examples :  If, 
un  a  cold,  polisbcd  piece  of  metal,  any  object,  aa  a  waf^,  is  laid,  and  the 
metal  then  be  breathed  upon,  and,  when  the  moisture  lias  bad  time  to 
disappear,  the  wafer  be  thrown  off,  ihougli  now  upon  the.  (wliflhcd  surface 
the  moat  critical  inspection  can  discover  no  trace  of  any  form,  if  we 
breathe  upon  it  a  8[>ectral  iigiire  of  llic  water  comes  into  view,  and  this 
may  Ix:  done  again  and  again.  Xay,  cvnn  morfi  ;  it"  the  polished  metal  be 
carefully  put  aside  where  nothing  can  deteriorate  itj*  surface,  and  be  so 
kept  for  many  mouths  (I  have  witnessed  it  even  after  a  year),  on  breath- 
ing again  upon  it,  the  shadowy  form  emerges  ;  or,  if  a  sheet  of  paper  on 
wiiich  a  key  or  other  object  is  Jaid  be  carried  for  a  itw  moments  into  the 
sunshine,  and  then  instantaneously  viewed  in  the  dark,  llie  ke,y  Iwiiig 
flimultaiiciourtly  removed,  a  fading  spectre  of  the  key  on  tiie  paper  will  be 
seen;  and  if  i lie  paper  be  put  away  where  nothing  can  disturb  it,  and 
so  kept  for  many  months,  at  the  end  thereof,  if  it  \n'.  cairit'd  into  a  dark 
place  and  hud  on  a  piece  of  hot  metal,  tlie  spectre  of  the  key  will  come 
fortli.  In  the  case  of  bodies  more  highly  phosphorescent  tliMii  paper,  the 
spectres  of  many  different  objects  which  may  have  been  in  succession 
laid  origuiiiUy  tliercupoii  will,  on  warming,  emerge  in  their  proper  order. 
I  introduce  tliesc  iltustratioiis  for  the  ]mr)M>sc  of  showing  how  trivial 
are  the  impressions  which  may  be  thus  registered  and  pif-servcd.  In- 
deed. I  believe  that  a  shadow  never  falls  upon  a  wall  without  leaving 
thereupon  Us  permanent  trace — a  trace  which  might  be  made  visible  by 
resorting  to  proper  processes.  All  kinds  of  photographic  drawing  are  in 
llicir  degree  oxnniples  of  the  kind.  (.)f  the  moral  consequences  of  such 
facts  it  is  not  my  object  here  to  speak.  The  world  would  be  none  the 
worse  if  every  secret  action  might  thus  be  made  plain.  But  if  on  sucli 
inorganic  surfaces  impressions  may  in  this  way  be  presened.  how  much 
more  likely  is  it  that  the  same  thing  occurs  in  the  pur[)osely-consti luted 
ganglion  1  Not  that  there  ia  any  necessary  coincidence  Ix-twwn  an  ex- 
ternal fonn  and  its  ganglionic  impression  any  more  than  there  is  Iw- 
twecn  the  letters  of  a  message  delivered  in  a  telegraphic  office  and  the  aig- 
lirt«fBm»tion  "'*'*'  ^^'*^'*  ^^*^  telegraph  gives  to  the  distant  station,  yet  these 
(•raurh  vc»-  signals  are  easily  retranslated  into  the  original  words — no 
'***■  more,  than  ihert^  is  Wtween  the  letters  of  a  printed  page  and 

the  acta  or  scenes  they  may  chance  1o  describe,  but  those  letters  call  Uj* 
wiLb  dcaniess  in  the  mind  of  tite  reader  the  events  and  scenes.  Indeed, 
the  quickness  with  which  the  mind  interprets  such  traces  or  impressions 
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m  iti  Rgistering  ganglia  u  illnstrnted  by  the  raplditr  with  which  we 
jpitber  the  sense  of  a  printed  page  without  individualizing  each  of  the 
Icllris  it  contains,  or  as  a  &kUlt'uI  accountant  runs  his  eye  ovci'  ii  long 
dQluDn  of  figures,  and  Bccms  to  come  by  intuition  at  once  lo  the  correct 
noL     The  ca|)abilily  which  wn  thiix  poRtiefls  of  delermining  a  final  per- 
ception or  judgment  uf  rcifiuhs,  without  dwelling  on  the  intermediate 
tacts  or  steps,  i^  also  illustrated  by  our  appreciation  of  music  witlionr 
coQwntrating  ourlhoughln  on  the  lime  and  inton^aitie.s  of  vibration  or  in- 
lerfercncea  of  the  notca,  though  tiio«c  mattieniatical  relations  are  at  (he 
'mj  bottom  of  tlie  harmony;  and  conspicuously  does  tiie  Supreme  In- 
tsUigcoce,  God,  rvacli  with  unerring  truth  to  every  tinnl  result  without 
any  neccsnary  concern  in  the  intermediate  tfleps. 

Krom  tiie  preceding  conaidemtions  we  may  infer  that  there  ia  a  neoca- 
limiiatton  of  the  amount  of  im]irr-i^<i(iu»  capable  of  being  ...  , 
tercJ  in  the  organism,  and  therefore,  in  this  regard,  all  orfiiuman 
buman  knowledge  is  finite.     Yet  it«  term  ia  much  fartlier  off  ^°""''*^- 
than  might  at  tinit  itight  appear.     A  hbrar}-  of  a  given  size  may  only  be 
able  to  contain  a  given  number  of  books  upon  its  shelves,  bat  tlie  amount 
«f  lofonnation  it  is  capublu  of  cotitatuing  may  be  made  to  vary  with  tlie 
condenRalion  and  [K-rspieaity  of  the  books. 

Ill  the  hypothetical  language  of  physiology,  the  nervons  centres  an- 
i^kcn  of  aa  iJtc  origin  of  the  nervous  influence  or  force.  A  conriudnn  n- 
dope  examination  of  the  uhenomena  they  display  leads  ua,  npiftiiK  tfce 
Knrever,  to  receive  such  a  doctnne  with  a  certain  amoujit  fnnriimior 
^limitation.  Most  of  the  ganglia  produce  no  motor  im-  t;*°8l'«- 
pliu  except  under  the  action  of  external  impression,  and  under  tlte  el- 
(Mentary  view  we  have  just  presented  regarding  the  function  of  thf 
'tuii,  the  same  remark  applicf>  even  lo  it,  aincc  the  immaterial  principle. 
^boK  instrument  it  is,  must  be  regarded  as  an  agent  distinct  from  it, 
■od  in  that  respect  extemid.  Indeed,  the  cases  in  which  the  nervous 
*«>tjee  seem  to  display  the  quality  of  -fiKintaneously  originating  force  an- 
*D  few,  and  in  their  nature  so  doubtful,  that  we  are  almost  entitled  to  dts- 
'^aid  tlieni.  For  irxainplc,  the  ganglia  of  the  heart  are  by  some  sup- 
pOKd  to  C8as<%  by  their  own  inherent  power,  die  contractions  of  that  or- 
S*n.  which  in  cold-bloodeil  animals,  long  after  it  haa  been  excised,  will 
its  rhythmic  motions.  But  it  is  far  more  agreeable  tu  the  anol- 
of  the  nervous  system  to  regard  these  cardiac  ganglia,  not  as  orig- 
■mton  of  power,  but  as  merely  depositorica,  roservoira.  or  magazines  of 
*-  Tbete  is  nothing  niore  extraordinary  in  their  ability  to  keep  up  the 
■otiong  of  the  organ  with  which  tliey  are  connected  than  there  is  in  tlie 
subiiiiiarT  spring  of  a  chronometer,  which  maintains  tlio  rooveineut  of 
''"H  iostrumcnt  for  the  period  during  which  the  action  of  ihe  mainspring 
*•  l«kcn  off  while  it  is  being  wound  up.     Yet  the  mainsiwing,  and  tlie 
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aalisidiaiy  spring  too,  tlvrivv  their  mechanical  power  originally  Irom  the 
force  which  has  wound  up  the  chronometer.  In  this  particular  of  the 
storing  up  of  power  for  its  utilization  in  the  time  of  need,  the  whole  gan- 
gUonii:  or  s^'Oipathccic  system  of  nerves  may  be  taken  as  the  great  ex- 
ample. 

The  conveyance  of  an  impression  through  the  great  nervous  centreB  ia 
„  ,  .  more  complicated  than  it  is  throngh  the  nerve  trunks.  It 
acOon  ofnerve  may  be  COnducUxl,  if  of  sufficient  intensity,  through  onegan- 
enint.  glion  after  another  in  succession.     The  intcmiodiuin  through 

which  this  is  done  is  probably  the  nerve-tubes  in  a  majority  of  instancesT 
though  perhaps,  in  those  cases  in  which  a  longer  period  of  thnc  is  occu- 
pied, it  may  be  ruther  tirom  vesicle  to  vesicle  than  through  the  tubes. 
Impressions  may  be  thus  transferred  from  one  set  of  tubes  to  others,  or 
cm-njuMBta  they  may  be  dlH'iifioi)  from  n  nerve  centre  to  many  tubes 
^■vash^-  around,  and  so  produce  a  wider  circle  of  influence.  That 
ifM.  transfer  of  impressions  trom  centripetal  to  centrifugal  fibres 

which  has  been  previously  described  as  rellex  action,  fhongh  commonly 
involuntary,  may  in  many  instances  be  governed  by  a  direct  exertion  of 
the  will.  Thus  the  respiratorj-  movements  for  the  introduction  of  air 
may  he  controlled  to  a  certain  extent,  as  in  holding  the  breath,  but  this 
is  only  durijig  a  short  time,  for  the  necessity  of  permitting  the  normal 
action  to  occur  presently  becomes  inHupcrahU'.  Of  retiex  actions,  the 
majority  arc  obviously  for  tlie  accomplishment  of  some  special  object  so 
long  as  the  system  is  in  health — they  are  means  for  an  end  ;  but  in  dis- 
eased conditions  they  verj-  often  occur  hi  an  objectless  or  useless  way. 

In  its  most  perfect  condition,  the  nervous  system  thus  consists  of  two 
s«tBfc<irn.i-n-  separate  mechanisms,  the  automatic  and  the  influential,  and 
lal  cirioiion*.  ihesc  are  so  related  that  they  can  nmtually  act  on  one  an- 
other. The  will  can  exert  a  control  over  the  so-called  reflecting  ftino> 
tion  of  the  automatic  part,  and  external  impressions  which  have  been 
received  by  tlmt  part  can  exert  a  reaction  upon  tlic  will.  It  itt  in  (his 
way  tliat  mental  emotions  maybe  explained,  tlie  power  of  oxtcnial  influ- 
ences which  antagonize  or  even  overcome  the  will. 
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CllAPTKR  XV. 

THE  SPINAL  AXIS. 

r  Dndepmm  y  .WnroM  ^lm.—/Ujiiiai  Qmtditiom  m  tBffimnt  VnrithraUt. 
Af  >y>airt/  Cunt;  ita  Smutfiv.—/U  JUwiftraacw. — /u  TUrtif-oite  J^rt  of'  .V*n««. — /Vcps'. 

iu»bfdmf  Rcot*. — FmtHo**  ^  tke  Cord. — fie/T*  iHtfOtfrj/. —  'fraMMmUtitm  ^  L/MffitmKaai 

md  Tramntrwr.  h/tmmm.—Hffia  Aetio*  ^  At  Cofd. — .Votare  ^K^/ia  Aeiiak. — Motor  <md 

Smmry  Tnittt  'tf'lkt  Ctfrd.—.immmarf  of  itn  ftoKlioiU. 
ri>  MtiiuUti  OUot^ta !  lit  Ulruflyrt  and  /  WKtjou. 
Tfc  /\m»»  t'amiii:  iu  Strwriun  and  t'mmtion*. 
tk.  0*r;m^V  I  »n«  gr  lie  jlmaioyy  txtwtin  tim  SpUot  Omt  fl/  VtrtdbrfOf  and  Ute  VtHtrvt 

Qmdt^  AriktAae*. 

We  now  commence  a  more  detailed  exaniinalion  of  the  nrrvons  «y«- 
tm,  presenting  a  description  of  its  strurtnrc  as  far  as  11137  suuiivuion* 
lie  neccBsary  for  the  undpratanding  of  its  functions.  We  **  "*"  *'*'!*«''- 
*ttall  follow  the  usual  division  of  this  subject  as  adopted  \>y  authors. 
Was  win  therefore  lead  us  to  sjwak  in  succession  of  the  spinal  cord  and 
■neiulla  oMonj^ta,  of  the  sensory  ganglia,  of  tlie  ceiebellutn  and  cere- 
'•nira,  of  the  ni-rvca  generally,  and,  lastly,  of  the  syrnpatiifitic  system. 

Tlie  important  position  occupied  liy  tlic  ner\-ou3  mechanism  in  the  an- 
imal body  will  alwny^  draw  to  it  the  closest  attention  of  the  physioU 
ogMt,  and  yet  it  must  Ijc  ndmilted  that  Iiithcrto  it  is  lhc  least  ad- 
v«)ic^l  |wrtion  of  tlte  science,  Tf  nietaphy-^siciaiis  arc  to  be  Uaiiii?<l  for 
e^jrting  away  the  advantages  wliich  arise  from  a  study  of  Adv*nt^|[».d^ 
•  t»Ticiiirc,  the  earlier  phyi*iologist8  were  almost  equally  iu  r,rtUv«»hTiSl 
•*ra>r  in  confining  tlicmselve.^  I0  hitman  anatomy  alone.  "'»«>■. 
T*1.M>)^  did  this  tmder  an  impression  lliat  there  is  an  essentia]  and  intrinsic 

(■UAnnce  between  the  functions  of  this  system  in  man  and  in  the  lower 
There  is  an  analogy  of  construction  in  all  the  forms  of  ncr^-oiis  system 
pWRaled  by  lhc  different  animal  tribes,  which,  in  the  infancy  of  the  sci- 
i  oxtt  of  organixation,  was  attribute*!  to  a  unity  of  design  pervading  the 
I  t^An  of  Natore,  but  whieh,  when  seen  from  a  higlicr  and  more  philosoph- 
***■!  point  of  view,  is  plainly  the  necessar}'  result  of  a  universal  and  un- 
'"■■ying  law  of  development.     This  conclusion,  which,  when  bettpj  un- 
'^^'ktood,  is  doubthtss  dcjttined  to  become  one  of  the  most  tm|)oT(ant  sng- 
S**tion8  ever  furnished  by  scicneo  respei'ting  the  management  of  the 
'*^'**Jd,  ifl  Rtrikingly  enforced  by  the  analogies  Iwtwccn  the   . .  ,-|jy_,  j_. 
*''**CsBivc  IrHiifilory  stages  of  development  of  this  system  rivwi  from  a^ 
*'    *l<flen:nl  epochs  in  lie  life  of  man,  and  the  permanent  "'H""-"! 
_  ^''na  it  uaumes  in  member.'!  of  the  entire  animal  series.     Since  there  can 
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be  no  doubt  that  every  animal  function,  from  the  aatomatic  motions  of 
the  obscurest  living  form  up  to  processes  of  intellection  of  man,  depend 
upon  tliis  structure  as  on  an  instrument,  we  may,  by  a  due  comparison  of 
the  habits,  instincts,  or  other  phenomena  in  such  cases  with  the  existing 
lervous  development,  arrive  at  true  conclusions  of  the  connection  between 
its  structure  and  its  functions.  We  shall  therefore  indicate,  in  a  genezal 
manner,  the  order  of  development  of  this  system  in  man,  and  then  itR 
permanent  stages  in  the  animal  series. 

The  nervoiis  system  first  makes  its  appearance  in  the  Berona 
Conraeofde-  of  the  germinal  membrane  and  in  the  midst  of  the  _ 
human^nirv-  *"*^  ^  *^®  primitive  tracc,  a  delicate  and  pale-white  Bob 
ons  system,  ing  somcwhat  above  the  general  surface  of  the  germinal  i 
This  line  soon  presents  a  conical  aspect ;  the  thicker  portion  is 
to  become  the  head  of  the  embryo.  After  a  short  interval,  the  meml 
is  gathered  into  a  fold  on  each  side  of  the  primitive  trace,  and  these  i 
advancing  toward  each  other,  constitute  the  dorsal  laminae,  wbich( ' 
their  edges  have  met  and  coalesced,  form  a  tubular  cavity — 
preparation  for  the  vertebral  column.  Beneath  the  tube  so  axiaing . 
be  discovered,  at  this  stage,  a  line  of  nucleated  cells — the  chorda  Ac 
As  the  edges  of  the  dorsal  lamina  approach  each  other,  they  assnme  a ' 
form,  and  simultaneously  a  bending  forward  or  curvature  of  the  embzyo 
occurs,  so  that  the  vertebral  tube  becomes  arched.  In  the  middle  wavy 
portion  are  now  to  be  seen  rectangular  plates,  tlie  elements  of  the  future 
vertebra;.  The  coalescence  of  the  middle  part  of  the  dorsal  lamina- 
takes  place  first,  the  ends  as  yet  diverging  in  tlie  portions  which  corre- 
8i)ond  respectively  to  the  head  and  the  sacrum.  The  spinal  marrow  and 
the  brain  thus  arise  at  the  primitive  trace,  the  brain  being  a  superposed 
or  additional  structure  to  the  spinal  marrow ;  for  now  the  wavy  edges  of 
the  anterior  extremity  are  gradually  seen  to  give  origin  to  three  cells  by 
their  juxtaposition :  Ist.  Tlie  cpencephalon,  a  single  cell,  to  produce  the 
medulla  oblongata :  its  ca\'ity  is  to  be  the  fourth  ventricle ;  2d.  The  mes- 
encephalon, also  a  single  cell,  for  the  corpora  quadrigemina :  its  cavity 
is  to  be  the  ventricle  of  Sylvius ;  3d.  The  dcutencephalon,  a  single  cell, 
for  the  optic  tlialnmi :  its  cavity  is  to  be  the  third  ventricle.  Though  at 
first  transparent  and  fluid,  the  ncr^'ous  matter  becomes  by  degrees  more 
consistent  and  covered  over  witli  a  thin  layer  of  membrane,  the  indica^ 
tion  of  its  future  investitures.  The  rudiment  of  an  eye,  under  the  form 
of  a  protrusion,  now  appears  from  the  most  anterior  cell;  and  in  like 
manner  the  auditory  apparatus  emerges  from  the  cell  of  the  medulla  ob- 
longata, from  the  anterior  part  of  which,  by  the  coalescence  of  a  pair  of 
fasciculi  which  have  arisen,  the  cerebellum  begins  to  form.  At  tliis  peri- 
oJ,  through  the  continued  curvature  of  the  embryo,  the  cell  of  the  cor- 
pora quadrigemina  has  become  most  anterior. 
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The  ori^n  of  the  epiual  corti  and  bratu  a  UluDtrateJ  in  the  aime:teil 
figures  iVom  BisciiyR".     /Vy.  130  sUovf*  U|M>n  a  dark  ground  ^^  i     ftb 
u  portion  of  the  geniiixial  nierabmne,  in  the  midst  of  wtiich  m  ■pmloardud 
the  area  pellucida  and  primitive  trace :  a,  the  area  |icIlucJila;  ^*  ^"^^ 
(!>.  the  donuil  latuituu;  c,  the  priuiitivu  (lacu. 


f-i!  i:mi. 


Fft.lKt. 
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unirtnorikt  bmu  ui>'>n  Mit  ^ilul  c«nt,  iuuk'hI"-'! 

^  iHuualnrs. 


/7^.  137,  the  same  at  a  later  stiigr,  prcparalion  for  ilic  brnin  being 
made.  The  dorsal  lauuDje  arc  approaching  each  other,  particularly  to- 
ward the  middle:  a,  tlie  dilated  upper  extremity  or  cephalic  ciid*  (he 
three  cells  appearing :  the  t;pejicephalon,  mesencephalon,  and  deuteuccph- 
aloD :  6,  chorda  dorsalis  along  the  bottom  of  the  groove ;  c,  rudiments  of 
vertebra' ;  </,  lancet-shaped  dilatation.  In  both  ligurcs  the  pale  borders 
along  llie  primitive  trace  arc  pellucid  nerve  t^ubstaiicc. 

The  dorsal  cord,  which  is  only  a  transitory  structure,  now  disappears, 
the  spinal  marron-  coninienciiig  to  exliibit  a  divifiion  into  four  strands, 
right  and  left,  upiter  and  under.  The  medulla  oblongata  6attonn  next 
in  itA  uppf^r  port,  its  tasciculi  parting  &om  each  other:  the  interval  so 
arising  between  tht-m  id  to  he  the  t'ourth  ventricle.  The  hemiaphercs 
now  appear  as  a  double  cell,  tlie  proaeiU'Cphaloii,  and  as  development  goes 
on,  they  soon  exceed  the  corpora  quadrigeniina  in  size,  and,  as  they  ud~ 
ronce.  force  these  bodiuit  backward  and  mider  ihem. 

i'Vom  this  it  appeant  that  the  ty]je  of  construction  of  tlie  nervous  sys- 
tem is,  that  upon  tlie  rudimentary  spinal  marrow  a  series  of  vcsicdcs  is 
developed.  They  constitute  eventually  the  medulla  oblongata,  the  cer^ 
ebellum,  the  corpora  fjuadrigeniina,  the  tlialami  optici,  tlie  corpora  striata, 
the  oifactive  gaiigUa,  and  In  &ont  of  all,  but  dcatinod  to  cover  the  anterior 
portions  over,  the  hemi.sphcrcs. 

Turning  now  to  the  uniraal  eericSt  wri  find  in  the  lowest  mcmber.4  of 
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CooB  f»iiro  ^'"^  vcHebrala,  na  in  the  amphioxua,  the  spinal  cord,  medulla 
Mr«<i«>*>->tMii  oblongata,  and  tlve  elementary  rvprcisealativca  of  the  sctiMry 
""*'*""'■  ganglia  alone,  anJ  aa,  in  auctcasiori,  we  paaa  to  ihe  higher 
ouea,  WG  recognize  a  cerehellum  appearing  over  the  moiluUa  obloiigat^i. 
and  rcn^ltral  hcioispJicres  over  the  eensory  gauglia.  These  oi^ana  in 
the  upu  anl  rartcr  becontc  more  attd  more  dcvclojKxl,  the  hemispheres,  for 
example^  soon  equaling  in  aizo  tiic  qimdriguinina,  and  then  greatly  eur- 

Lpassing  them,  and  with  this  inereofic  of  size  a  higher  grade  of  intelligcnre 
is  reached.  In  titihcA  thon*  arc  four  ganglia,  correaponding  rcspociivcly 
to  tlie  cerebellum,  quadrigeniina,  cerebral  hemispliercs,  aiid  olfactive  gan- 
glia. In  reptiles  the  uuiuber  of  gnuglia  and  their  order  of  occurrcucti  ia 
the  same,  but  the  ceichrul  hemispheres  have  now  greatly  inuvaacd,  an 
increase  wliich  ia  even  better  marked  in  birds,  for  In  them  tJic  hcm- 
iflphcres  hare  expanded  in  front  so  as  to  cover  the  ollactive  ganglia,  and 
poateriurly  the  optic,  a  condition  of  Ihingit  anologouit  to  thai  prun'iiu-d 
bj  the  human  hniin  at  about  the  cb>su  of  the  third  munih  of  fiftal  life, 
and  approacliing  that  permanently  cxiiihited  by  the  lower  mammals,  as, 
for  instance,  the  marsupitds.  It  is  to  be  understood  that  what  is  here 
spoken  of  as  the  hemispherea  answers  in  reality  only  to  the  anterior  lobe 
of  thi;  cerebrum  of  man;  and  as  in  him,  during  the  fourth  and  tit'th  months, 
the  middle  lobes  are  developed  in  tlic  upward  and  backward  dirwtiou 
fiwn  tbe  anterior,  and  still  later  the  poaterior  lobcH  from  tlie  [Kuitcrior  ol' 

rtfaeaSi  the  same  course  is  folh>wcd  in  the  animal  scrieo,  tlie  final  tyi>c  of 
development,  the  trilolied  cen^brum,  hifing  ordy  readied  hy  tlte  liighusi 
caniivora  and  (puidrunmnoua  animals. 

Commencing  now  more  porlicularly  with  human  nerrou*  amitomy — 

STRUCTLTIE  OF  THE  SPINAL  CORD. 

The  Etjiinal  cord  is  placed  in  the  midst  of  the  vertebral  canaL  In  form 
DtteripUon  of  't  '■*»  cylindroid,  ita  section  being  cHi]itical,  the  lateral  diamc- 
ibe.piiuioar.1.  ter  being  the  long  one.  Ivongiludinally  it  shows  two  cu- 
largemcnta,  one  about  its  upper  third,  the  other  toward  its  termination. 
Kxteriorly  it  in  white,  but  its  etection  shows  a  gray  t^ubstancc.  arrangetl 
in  the  form  of  two  crescents  connected  by  an  isthmua.  Above,  it  is  con- 
tinuoua  with  the  brain,  which,  indeed,  ia  a  dm'clopmenC  upon  it.  and  be- 
low it  tenninatea  at  the  canda  wiuinii.  ItH  i-elative  length  ia  much  great- 
er in  fii'lal  lite,  at  tlic  tliinl  niontli  of  which  it  extends  into  the  aacmin. 
In  adult  life  it  only  occupies  about  the  upper  two  thirds  of  tlie  verte- 
bral canal;  it  is  generally  staled  tiiat  its  termination  \>*  a1x>nt  the  lir^l 
^ot  second  iunihar  vertebra.  5Iorcovcr,  it  docs  not  fill  the  vertebral  ca- 
nal, being,  by  reason  of  the  transverse  dimensions  of  that  cavity,  rather 
suapcnded  in  than  confined  by  it.  Tlic  rest  of  the  8[iace,  amount- 
ing to  about  one  third,  is  occupied  by  the  roots  of  the  nerves,  liga- 
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rv  1M.  menls,  the  investitures  of  the  cord,  blood-veeaolfl,  and  ti 

liquid. 

/V</.  138,  A,  A,  shows  tlic  front  view  of  the  spinal 
cord,  with  the  medulla  oblongata;  H,  B,  the  posterior 
vit'w ;  and  C,  C,  tlie  decussation  of  its  Blrauds,  &oni 
which  it  appears  tbat  the  oi^n  is  com|)08ed  of  two  equi- 
lateral portions.  They  are  united  by  an  interior  com- 
missure, but  separated  in  front  by  the  anterior,  and  be- 
hind by  the  posterior  fissure.  Of  tlicsc  the  posterior 
fissun;  is  the  depper,  the  anterior  being  wider.  Besides 
these  regional  divisions,  the  cord  dso  preiwntA  longi- 
luilinal  furrows,  two  for  each  aide,  dividing  it  into  the 
anterior,  the  middle  or  lateral,  and  posterior  columns  or 
tracts,  as  shown  Jn  the  ligurcs. 

Witli  respect  to  the  interior  constitution  of  the  cord, 
it  has  already  been  statetl  liiat  it  is  comjrascd  exteriorly 
of  white,  and  interiorly  of  gray  material.     The  relative 
quantities  of  these,  and  the  particular  form  and  dintrihu- 
titm  of  the  gray  substance,  may,  pcrliaps,  be  best  understood  from  the 

sections  given  in  J'lff.  139, 
from  one  to  nineteen,  I  show- 
ing a  transverse  soctioa  as 
high  as  the  cerebral  pedtm- 
cles;  2.  through  the  tnoduUa 
Wjtj  ^^HM  oblongata;  and  the  remaining 
figures,  to  19,  at  lower  and 
lower  points. 

In  the  first  of  these  aec* 
tions,  1  is  the  intcrpedtincn- 
lar  space ;  2, 2,  mferior  tract : 
5, 3,  middle  tract ;  4,  4,  locu^ 
nigcr ;  5, 5,  su|)enor  tract ;  6. 
section  of  the  aqueduct  of 
la  II  ^  „  Sylvius;  7, 7,  section  of  the 

superior  peduncles  of  the  eer- 
ebelluni ;  8,  8,  section  of  tliv 
two  tubcTcula  quadrigcmina. 
In  the  second  section:  1,1, 
the  pyramidal  bodies ;   2,  2. 
olivary    bodies ;    3,  3,  reali- 
4,  4,  section  of  middle  strands ;  5,  floor  of  fourth  ventricle, 
^zi  the  fourth  of  these  sections :   1,  the  right  hall'  of  the  cord ;  2,  left 
^^^  ;  ."V  anterior  median  lissun^;  4,  posterior  median  fissure;  fi,  5,  pes- 
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tcrior  furrows:  0,  wliite  or  anterior  commiuoxe:  7i  gray  or  posterior 
iXHnmissiuv ;  8,  anterior  hum  vi  rj^lu  creeceut ;  0,  posterior  lioni  of  dit- 
to: it  is  prolonged  to  the  posterior  furrow  ;  10,  autero-latcral  columns; 
11,11,  pofltcrior  columns:  these  ure  all  of  wliite  tubulw  ssubHtaiicc.  Tho 
symmetrical  reference  numbers  on  one  side  are  omitted  tor  the  eake  of 
riearness. 

The  spinal  cord  is  surrounded  by  three  membrjinRfl,  coiitiiuious  witli 
McnibmtJCB  of  those  of  the  cranium :  the  dura  mater,  the  arachnoid,  and  the 
iiui-iiiiuiirord.  |,iji  xnatcr.  The  latter  embraces  the  cord  bo  closely  as  to  ex- 
fjt  a  comprcftsiioii  upon  it.  This  is  shown  on  slightly  wounding  it,  when 
the  wliite  subataiice  protniiles  through  the  orifioe.  ^'i'  '**' 

Fig.  140:  1,  spinal  dura  mater  laid  ojwn  and  drawn 
aside;  2,  2,  sboaths  fonniod  by  this  membrane  round 
ihe  ixKita  and  spinal  ganglia;  ^,  spinal  arachnoid; 
I,  4,  sheaths  formed  by  the  aradiiioid  around  the 
foots  of  the  nerves  and  deutated  ligament ;  5, 5,  points 
of  communication  of  the  visceral  layer  of  the  urach- 
Eioid,  with  its  ])arictal  layer;  6.  pia  mater;  7,  deuta- 
lod  ligament  scpararing  tlic  anterior  roots  tirom  the 
posterior  roots  of  Uio  spinal  nerves,  and  eerviiig  as  a 
uommunication  botwo(:n  tlie  dura  matter  and  pia  iimtcr. 

From  tlie  spinal  cord  there  arise  thirty-one  pairs 
I'ho  •plnal  "^f  nerve*,  each  nerve  having  two  roots,  an 
iwnrw.        anterior  or  motor,  and  a  ixjnterior  or  sensory. 

The  anterior  roots  issue  from  the  anterior  furrow, 
Viooi*  of  tbo  the  posterior  from  tiie  posterior  furrow. 
i*'""'  ner^**-  where  the  gray  substance  emerges.  Of 
flio  two  tlio  latter  are  tlie  larger,  and  have  more  radielt-s.  Tlioy  also 
iiavei,  in  the  intervertebral  foramen,  a  ganglion.  Beyond  the  gnngliou  the 
two  roots  co^esce,  and  ttie  resulting  ncrvo  tmnk,  passing  tlirough  the 
inter^'ertcbrol  foramen,  divides  into  an  anterior  and  posterior  branch,  for 
the  anterior  and  posterior  portions  of  the  body.  To  this  general  descrip- 
tion there  arc,  however,  some  exccpriomi.  Thus  tlie  posterior  root  of  the 
tirst  cervical  nerve  is  smaller  than  the  anterior,  and  very  ofiten  it  has  no 
ganglion.  The  spinal  nerves  are  enumerated  as  eight  cen'ieal,  twelve 
dorsal,  tive  lumbar,  and  sL\  sacnd  pairs.  The  cervical  pass  off  to  tlietr 
distribution  transversely,  the  dorsal  obliquely,  and  the  lumbar  and  sacral 
vertically,     llie  latter  constitute  the  eauda  eiiuina. 

Fig,  141  illustrates  the  origin  of  the  anterior  roots  of  the  spinal 
nervca  1,  pons  varolii;  2, largo  and  small  root  of  the  tiflh  pair;  3, 
sixth  pair;  4,  facial  nerve;  5,  auditory  nerve;  6,  intcrmcdian  nenx; 
7,  glosflo-pliaryngeal;  8,  pnenmogastric ;  9,  spinal  accessory  ;  10,  hypo- 
glossal. 
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JVm.  From  11  to  ll.llio  eight  anh-rior  rootH  of  tlie  oervicnl 

ner>'es ;  &om  1 2  do wnwanl*  the  same  roots  of  the  dorsal 

oervca:  those  of  tbe  lumbar  nnd  aacral  itrc  not  ebown  in 

the  figiiTT.     As  nt  Ifl,  are  sliown  the  anterior  brauches  of 

the  spinnl  nerves;  as  at  l(i,  their  poalcrior  bRmches;  at 

-^■c-     '^*  *?'•***  gwigl'*  fonited  on  the  posterior  roots ;   18,  onte- 

B     ^H^    ^°'  "^*^  '^^^  *  ^^'  Anterior  roots  cut  beyond  tbe  ganglion  \ 

'     UBfcj-     20*  denteted  ligoinent.  separating  anterior  from   posterior 

roots;  21,  insertion  of  this  ligmiiciit  on  dura  mater  by  its 

duntstcd  edge ;  22,  insertion  of  same  ligament  on  the  pia 

inatcr. 

I^^m^m^        -ffff-  1*4^  illuBtratCB  the  orij^  of  tbe  posterior  roots  of 
^9M^    th«  spinal  nerves.      1,  tubcrcula  qaadrigemina ;   2,  trian- 
•^A  WM     giilnr  band  :    3,  -1,  superior  peduncles  of  the  cerebellum ; 
i»ktaof  wLd       ' "''  ""^*^'*^  peduncles  of  cerebellum  ;  5,  5,  liiferior  pedun- 
mm^tMmm,    cJ^b  of  cerebellum;  6,  anterior  wall  of  fourth  ventricle;  7, 
n#.  le.         glo8so-phur}ii<real ;  H.  piicumogastric ;  9,  spiiud  accessory; 
^^J^^       Irom  10  to  10,  posterior  roots  of  eight  cervical  pairs:  the 
dorsal,  the  lumbar,  and  the  sacml  below  11  arc  not  shown 
in  the  figure.     From  14  downward,  a  dotted  line  arising 
■         ^^^L       from  (he  iCAring  away  of  the  posterior  roots;  15,  Ifl,  an- 
H   ^4h&<:-    Icrior  rools  of  spinal  nerves,  the  dentatcd  ligament  being 
"     .^H^        viaiblfi  through  the  removal  of  tlic  posterior  roots ;  IG.  npi- 
ttal  ganglia,  of  which  there  are  thirty  paira,  tbe  first  pair 
of  nerves  not  licing  furnished  with  them ;  17, 17,  anterior 
branches  of  spinal  nervc«;    18,  18,  jioflterior  branches; 
19,  li>,  dentated  ligament»  placed  between   tlic  iwsterior 
and  anterior  roots ;  20,  same  ligament  brought  into  view. 

I^iff,  143  shows  a  portion  of  the  spinal  cord  ^j,  i^ 
aunoundc<l  by  its  envelopes,  and  seen  in  pro- 
file, so  as  to  display  at  once  tlie  origin  of  the 
atitcrinr  and  posterior  roots.  1.  1,  posterior 
raou  of  spin&l  nerves  and  their  ganglin ;  2,  2,  anterior  roots 
of  the  same  nerves  anafftomoaing  with  the  anteriur  |)ortioRB 
of  tlicM  ganglia;  3,  4,  anterior  and  posterior  roots  cut; 
&,  dentated  ligament;  6,  dura  mater,  preserved  to  show  the 
aikcuba  which  it  forms  around  these  ganglia  and  the  branches 
i»r  <be  spinal  nerves ;  7,  vertiodl  section  of  the  sheath  of  the 
anterior  and  posterior  roots,  to  show  the  little  lamella  winch 
■cf^tatoa  the  one  root  from  the  other ;  8,  8,  interior  iaoe  of  _ 

*^  dun  mater,  which  is  drawn  aside  to  show  tbe  smooth  SJ'Sil'iwir 
«wp^>oi  which  it  possesses,  owing  to  tho  parietal  layer  of  the  •*""'*** 
■'*<^iai»id  which  covers  it. 
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The  white  or  fibrous  portion  of  t]i«  spinal  cord  is  composed  in  part  of 
the  spinal  nerve  fibres  and  in  part  ot' commissural  oneis.  At  one  tune  it 
was  sup]>osed  tliat  every  one  of  the  preceding  continued  uiiintc-rruptedly 
tu  the  bniin.  On  Ihia  poini,  however,  tlie  weight  of  evidence  will  lend 
us  to  infer  tliat  the  vertical  distance  through  which  theitc  6lirc5  paas  id 
not  very  great,  and  tliut  they  are  soon  brought  in  connection  wiih  (ho 
interior  vcsiciJar  gubstauce.  If  all  the  fihrrn  poasecl  unintermplcdly  to 
the  brain,  we  should  expect  that  the  cord  would  increase  in  ihickness  by  a 
r^ilar  progression  upward  ;  but  tins,  as  is  shown  in  J^iff.  13H,  is  not  tlie 
case.  Its  eiJai^meuta  correspond  to  the  number  of  ncr\-Q  roots  giveu 
off  from  the  localities  in  which  tbey  occur.  Thus,  where  many  nerve 
roots  are  requinMl  for  the  upper  extremities,  and  agaui  for  the  lower  ones, 
we  notice  auch  corresponding  cnlorgenienta.  The  cxperitncnts  of  Volk- 
niann  show  that  lh(;se  dilatations  are  as  much  owing  to  an  increase  of 
the  vesicular  niafcrial  as  to  an  increased  number  of  fibres.  In  the  view 
presented  in  the  preceding  chapter  respecting  nerve-area  and  the  fimctiona 
of  nerve-cells,  we  should  bo  led  to  infer  that  every  centrifugal  and  cen- 
tripetal tibn^  of  liie  cord  ia  hvouglit  in  connection  with  sof-h  a  cell  of  the 
gray  material,  and  that  it  doea  not  cxtcjid  very  far  from  its  point  of  exit 
or  entrance. 

Functions  op  tue  Spinal  Coud. — The  determination  of  tlie  fmic- 
Pnnctlniii  «f  tions  of  the  roots  of  the  spinal  nerves  by  Bell  has  already 
tJieBpin»iconi.  |j(^„  referred  to  as  one  of  the  great  discoveries  of  physiol- 
ogy, and  as  furnishing  a  solid  foundation  for  an  cjiact  knowledge  of  the 
functions  of  the  nervous  system.  The  evidence  of  the  truth  of  the  doc- 
trine that  the  anterior  roots  of  these  nerves  are  motor  and  the  posterior 
i)eii'»  .11.^  sensory,  is  complete.  Thus,  if  the  anterior  root  of  one  of  tlwse 
w^wrr-  nerves  be  divided,  all  tliose  parts  which  are  supplied  by  tiiat 
nerve  will  exhibit  loss  of  motion,  though  tlieir  sensation  is  unimpaired : 
if  the  posterior  root  be  divided,  tlic  sensibility  of  the  parts  Is  lost,  thongli 
the  power  of  motion  is  unafiected-  Simitar  evidence  may  also  bo.  ob- 
tained by  irritating  the  ends  of  the  divided  roots,  muscular  motion  or 
{tain,  as  the  case  may  be,  l*ing  uorrca|.ionding]y  observed. 

The  spinal  cord  transmits  impressions  trom  the  periphery  to  the  brain, 
.  ...  .  and  conversely  enables  the  brain  to  bring  into  action  the 
tniwtuiii>ian  uf  motor  nervGS.  Division  of  it  at  once  causes  an  interruption 
***■  of  voluntary  motion  and  sensation  iu  those  jwrls  supplied 
1^  nerves  below  tlie  place  of  the  oi>eratiou,  tlie  functions  of  the  parts 
above  remaining  uni:npaired.  But,  though  the  influence  of  the  brain  in 
exciting  voluiiliu'y  motion,  and  it^  cajMibiUty  of  recciWng  sensations,  is 
thus  cut  ofT,  the  severed  portion  of  the  cord  still  poesossea  an  automatic 
jKiwcr. 

This  tmnsnuAaion  of  influences  upward  or  downward  is  doubtless^  to 
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»  con^i'k-niblc  degree,  nocomplislicd  through  the  vesicular  substance,  tlic 
Li]iuUi(^'  ut'  whicli*  ill  thi.'«  resjject,  has  been  exphutiud  in  t)ie  preceding 
Iter.  But,  bcftidcH  this,  tlic  exterior  Hbrous  Htructurea  possess  a  like 
function,  conx>^]K}tidiiigl}'  as  tbcy  are  connected  with  the  motor  or  scn- 
^  aory  roots  of  the  nerves,  the  anterior  columns  being  motor,  and  the  po«- 
H  tenor  apparcntlj*  iKnsor}^. 

Tlie  spinal  cord  not  only  prrmtts  the  passage  of  inflocncea  in  ito  lytigi- 
^  tndiiuil,  but  also  in  its  transvcrflc  dirf^tion.  This  is  what  t- 
Vnughc  be  anticipated  from  the  structure  and  functions  of  the  imiuiHiirianuf 
odU  of  iU  gray  interior.  If  the  cord  be  cut  halt'  through  in  '  '»'""="■ 
»  given  place,  and  ugain  be  cut  halt'  through  on  the  opposite  side,  at  a 
little  di*^i«noo  above  or  below,  impressions  may  be  conducted  through 
the  intennediute  portion,  the  vcsietdar  nmterial  being  then  their  only 
Wiinnrl , 

»In  a  memoir  on  the  diHtribution  of  the  fibres  of  the  sensitive  roots,  and 
on  the  transmission  of  impressions  in  the  spinal  cord.  Dr.  Brown.8^u,ni 
Btown-Scqtuird,  referring  to  the  two  theories  entertained  at  on  ili*  laniim). 
preaent — lat.  Tliat  sensitive  iinprcHsiotis  reaching  the  cord  "<"■  *f ''""■'»"'• 
pUB  in  totality  to  the  bmin  along  the  posterior  columns ;  2d.  That  such 
>oi{iic&aions  so  arriving  pa.<s  directly  to  the  eentrul  gi'uy  HuhHlance,  whicli 
ttviuaita  them  upward— lifers  reasons  for  suppo.sitig  rliat  botli  these 
clwories,  and  especially  the  first,  are  contradicted  by  tacts. 

It  is  his  opinion  that  sensitive  impressions  leaching  the  cord  pass  in 
tliflisent  dircctionii,  some  attconding,  others  descending,  but  botli  going  in 
P<ul  Ly  tlie  posterior  colunms,  and  in  part  by  tlie  posterior  gray  bonis, 
^nd  perhaps  by  the  lateral  columns,  to  penetrate,  alter  a  short  distance, 
the  gray  central  substance  by  which,  or  in  which,  they  axe  transmitted 
to  tlie  brain. 

He  alM  shows  that  sensitive  impressions  of  one  lateral  half  of  thf 

tbody  are  trmnsmitted  principally  in  a  crossed  manner,  that  is  to  say,  thai 
Uicy  follow  more  paniciilarly  the  op])OBite  half  of  the  cord  to  reach  the 
bnun ;  that  the  decussation  of  the  conducting  elements  for  srnsirive  im- 
piVNions  is  not  made,  as  is  commonly  said,  at  the  anterior  extremity  ol' 
dw  pons:  that  tbo  gray  substance  docs  not  possess  the  property  of 
Crumnilting  sensitive  impressions  in  every  direction,  as  some  have  sup- 
posed; lliat  most,  if  not  all  tlie  conducting  elements  for  Bensitive  im- 
»pnuion8  decnssatc  in  the  spinal  cord,  the  decussation  occurring  in  part 
*lsaost  immediately  on  their  rjitry  into  the  cord,  but  that  a  few  make 
tiMnr  deaiBsation  nt  a  certain  dialancc  above  the  point  of  entry,  the  ma- 
jority, however,  descending  in  the  conl,  and  making  their  decussation 
"cJoBT  the  poitit  of  entry ;  that  if  there  nre  conducting  elements  for  sen- 
it've  impressions  which  ascend  throughout  the  entire  length  of  the  ooril 
"taOte  tb^r  decussation  in  the  brain,  tlicir  number  must  be  very  small ; 
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and  that  alterations  capable  of  producing  a  paralysis  of  sensilnUty,  wlmA 
situated  upon  any  point  of  a  lateral  half  of  the  cerebro-spinal  axis,    ^ 
ways  produce  a  paralysis  of  sensibility  on  the  opposite  half  of  the  boc3.y, 
and  that  there  is  no  difference  between  the  brain  and  the  spinal  numnc^t 
in  tliis  respect. 

Thus  constructed,  the  spinal  cord,  as  we  shall  presently  show  frac^m 
Anal  ■  with  ^^'  Carpenter,  evidently  agrees  with  the  gangliated  vent-^ 
ventral  cord  cord  of  thc  articulata,  each  jwrtion  of  it  &om  which  a  pair  of 
of  articu  atii.  j^g^ygg  ;g  giyen  off  representing  each  ganglion  of  that  vent=:^ 
cord,  the  difference  in  the  two  structures  being,  that  in  the  spinal  e^d- 
umn  the  ganglia  are  conimissured,  so  as  to  fonn,  in  appearance,  one  «=»>• 
tinuous  mass,  and  agreeably  to  this  view  of  its  construction  are  ^ble 
circumstances  under  which  its  enlargements  occiir.  In  those  ami^nJ 
tbnns  in  which  thc  entire  trunk  is  concerned  in  locomotion,  as  in  snal  w~n 
and  eels,  the  cord  is  nearly  cylindrical ;  but  as  soon  as  special  memb  m-TI 
for  locomotion  arc  developed,  a.  corresponding  increase  of  diameter  is  csb- 
ser\'ed.  Thus,  in  birds,  thc  ganglionic  enlargement  corresponds  with  "^tJie 
region  from  which  thc  nerves  for  the  wings  arc  given  off;  but  in  that  trfSuti 
as  in  the  ostrich,  the  mode  of  locomotion  of  which  is  by  the  1^  ratKr=ia 
than  by  the  wings,  a  corresiwnding  posterior  enlargement  occnrs.  'J_  '1* 
same  observations  may  even  be  more  disrinctly  made  during  metamorgz:^ 
oseit ;  thus,  in  frogs,  while  tlioy  arc  in  the  tadpole  state  the  ^inal  corcB—  ^  I 
cylindrical,  but  bulging  ensues  in  it  anteriorly  and  posteriorly  as  soon  " 
the  anterior  and  posterior  members  are  developed. 

The  translation  of  iin[irejjsions  wliicli  have  been  brought  along  t  -^ 
Keflcsaciion  ccntri|ictid  fibres  into  motions,  the  exciting  influence  of  wfai^^^ 
itf  the  cord,     jg  conveyed  along  tlie  centrifugal  fibres,  includes  what  is  u-^^-*" 
derstood  as  the  reflex  action  of  thc  spinal  cord  as  developed  by  Dr.  Hil^^'^ 
Its  essential  condition  is  its  indci>endence  of  the  agency  of  the  brain,  ac::::^-* 
therefore  unconscious  natiu^.     As  general  examples  may  be  mention^^'^ 
the  movements  which  occur  in  swallowing;  for  after  the  food  faaa  beiS-** 
carried  by  voluntary  action  into  thc  fauces,  its  passage  onward  to  tts:^^^ 
stomach  is  perfectly  involuntary.     In  like  manner,  the  introduction  of  a:^— -^ 
into  the  lungs  in  ordinary  respiration  is  involuntary ;  for  though  it  hm.-^^ 
l)e,  to  a  certain  extent,  under  tlic  control  of  tlie  will,  yet  that  extent  ^^^ 
limited,  a  necessity  for  the  motion  presently  arising,  which  soon  becom*^^^ 
imcontrollablc.     The  action  of  thc  valvular  arrangements  at  the  cardi^^*'' 
imd  pyloric  orifices  of  the  stomach,  and  the  constant  contraction  of  th^*-* 
!«phincter  ani,  are  farther  illustrations.     To  these  may  be  added  thoit^**^ 
impulsive  movements  which  we  instinctively  make  on  the  approw:h  o*^ 
<langcr  or  in  thc  act  of  tailing,  and  perhaps,  too,  automatic  walking,  ti--^^ 
we  go  from  place  to  place  in  a  state  of  mental  abstraction,  pajing  no  aXr^^" 
tcntion  to  the  course  we  take 
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Th<i  coril  18  (o  be  rcganleit  a.:  u  longitudinal  series  of  simple  automatic 
*n»,  or,  lut  we  bave  termed  it.  a  multiple  automatic  AniocMiic  wv 
Euch  segment  of  it  has  therefore  an  inde|ientleiit  action  tioncrfiJian.nl. 
1,  bat  ean  conspire  witli  its  neigliltors  or  bo  influenced  hy  the 
i\i**-  bnun,  by  means  of  its  cotnniissuml 

fibres,  Jin  arrangement  of  wliicit  nuni- 
berleiis  interesting  instances  might  be 
fuTnishcd.  The  one  mprcsented  in 
/Vy.  144,  n-hivli  is  from  the  cord  of 
spiroaireptus,  may,  however,  stiflicc: 
A,  under  surface  of  a  portion;  B,  up- 
per surface ;  a,  inferior  longitudinal 
iibres;  e,  superior  longitudinal  tibres; 
^'  fibres  of  re-cnforecmciil,  seen  also 
at  6  and  c;  j^, commissural  tibres,  seen 
also  at  d. 

The  power  which  tlie  cord  displays 
in  tJiis  simple  action  is  most  striking- 
ly seen  when   it  is  cut  oft'  trom  its 
crnntal  connections.    The  decapitated 
frog  props  himself  up  atiftty  on  his 
legs,  and,  if  his  cutaneous  snrfacc  be 
irritated,  exhibits  antagonizing  mo- 
!t>otu;  such  motions  ore  all  of  the  reflex  character,  and  are  conunonly 
Vndi  more  strikingly  seen  in  eohl  than  in  waxtn-bloodod  animals;  but 
Wen  in  man  prociscly  llie  same  re!>ults  are  witnessed  during  periods  of 
[UiQ  suspension  of  the  actinty  of  the  brain,  as,  when  the  palm  uf  the  hand 
[of  a  sleeping  child  is  touched  with  ihe  finger,  the  linger  is  at  once  grasped. 
Jia  above  stated,  this  rcHcx  function  of  the  cord  is  therefore  indcpend- 
|*«it  of  the  brain,  though  ilic  brain  can  control  it,  and  this  ^^^^       .^ 
l^oQ  mora  perfectly  the  higher  tlic  organization  of  the  animal,  imirpiriKiviiiof 
Breathing  can  go  on,  wlicther  wc  pay  attention  to  it  or  not,     *  ^"^ 
io«l  we  can  amsel  it  if  we  clioose  for  a  time;  and  since  in  man  this  in- 
[^vodoetion  of  air  is  incidentally  tised  for  very  rutincd  purposes,  by  volun- 
'*fj  exertion  we  moderate  or  rcgulatA  it,  as  in  the  production  of  musical 
I  *Oiindfl  in  singing  or  of  articulate  sounds  in  .Hpccch. 

In  a.  gpnera]  way,  tliere  i*  not  much  difficulty  in  distinguishing  be- 
^Iwvo)  Hotple  actions  of  the  cord  and  those  in  which  the  brain  Dbtinctioa  b»- 
f>iilidpatiug.     In  the  former,  no  weariness  or  fatigue  is  [IJ^j'J^hllJj 
■■^r  exprrieuccd :  in  the  latter  it  is :  and  perhaps,  even  in  wtion. 
*'*«*c  last,  involving  voluntary  muscular  action,  though  the  control  is  to 
•*  '•txribnted  to  the  brain,  the  source  of  the  force  is  in  the  cord. 

nonnal  phenomena  whi^h  tlie  cord  displays  become  gmatly  ex- 
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Increase  of  a^erated  in  certain  conditions  of  disease,  as,  for  example,  in 
spinal  .otion.  tetanus,  in  which  the  slightest  peripheral  imtation  may  "Tw 
followed  by  violent  convulsive  movement,  or  the  same  occnra  by  *~^ 
agency  of  poweHiil  poisonous  substances,  as  sttychnine.  In  these  i  m  im 
the  action  may  be  either  limited  simply  to  the  cord,  as  in  the  tetai^t_-ia 
brought  on  by  opium  in  frogs,  or  the  brain  may  be  inWved  in  it,  u  in 
cases  of  hydrophobia,  in  whicli  the  sound  or  sight  of  water,  openti>3u 
through  the  cerebrum,  will  produce  spasmodic  convulsions. 

From  the  facts  presented  by  the  lower  animals,  it  may  be  inferred  tl — mift 
the  spinal  cord  does  not  act  as  a  single  oigan,  but  rather  ahonld  be  ^hb- 
garded  as  a  collection  of  ganglia,  special  duties  being  discharged  by  i 
cial  parts  of  it. 

With  reiipect  to  the  commissural  action  of  the  spinal  cord,  reference  I 
ronneetionof  *^^*'^y  ^'^^  made  to  the  structural  connection  between  ^the 
the  cord  and  cord  and  the  nervous  regions  above  it,  and  in  referring  to  '^t.Iie 
hratn.  ^ij  anatomical  doctrine  that  each  of  tlio  spinal  nerves  is  cc=»b- 

nected  by  continuous  fibres  with  the  brain,  due  wdght  haa  been  gi«f-« 
lo  the  fact  tliat  the  cord  docs  not  increase  in  thickness  as  it  approactsM 
the  brain,  but  that  its  bulgings  correspond  to  the  regions  from  which  i^  >* 
necessary  that  an  unusual  supply  of  nerves  should  be  given  oC  'J_'i» 
force  of  this  argument  is,  however,  considerably  diminished  when  -^** 
recollect  that  the  nerve-tubes  are  by  no  means  of  uniform  diameter,  t^nt 
are  doubly  conical  in  shape.  Even,  theretbre,  with  a  diminished  diaitr^** 
tcr  of  the  spinjJ  cord,  there  might  be  an  upward  continuation  of  spin::*" 
fibres,  the  diameter  of  which  is  becoming  less  and  less  ;  and  this  seec^^*" 
to  be  rendered  more  likely  from  the  analogy  of  the  structure  of  the  v^  "^ 
tral  cord  of  the  articulata,  in  which  tibres  arc  sent  to  the  cephalic  gfc^"* 
^lia  for  the  purpose  of  establishing  a  communication  between  them  a^*^ 
the  roots  of  the  nerves.  Hut,  however  that  may  he,  there  can  be  ^** 
'[uestion  of  the  influence  of  the  brain  overapinalaction,  andthis,  of  cour^^**' 

implies  structural  connection  of  some  kind — an  intercommunication " 

wliich,  if  it  docs  not  take  place  solely  through  the  wliite  columns,  ma_  -^ 
take  place  through  the  gray  material.     It  is,  however,  important  to  o"^'' 
actve  that  the  gray  material  has  no  direct  communication  with  that  e:^^ 
the  cerebrum,  but,  passing  through  the  optic  thalamus,  ends  in  the  co-^:^*" 
pus  striatum,  extending  therefore  in  one  continued  mass  through  the  coi"^*^' 
and  terminating  in  that  ganglionic  organ.     Hy  one  or  both  of  these  cha^^^*^ 
uela,  white  or  gray,  the  impressions  which  are  made  upon  the  spin-^"*^ 
sensitive  nerves  are  pre-'ientcd  to  tiie  brnin,  and  in  a  similar  manner  th^^^^"^^* 
influences  winch  produce  voluntary  motions  are  transmitted  down. 
.,     section  of  any  part  of  the  spinal  cord  at  once  incapacitates  tl 

i-,iE.'rt  of  1^  ,'■  *  1      1      •         ■  ,.     1  ■ 

-ions  of  the   Will  from  actmg  upou  the  parts  beyond,  the  motions  of  whiC-= 
'""''  become  therefore  purely  automatic,  though  the  parts  above  atiS--* 
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dtapbiy  Uieir  customair  phenomena.  Tlivtte  effects  ai^  somctimcH  in- 
stmrdvcly  witnessed  in  man  when  lesions  of  the  cord  bavo  occurred 
ihroBgh  discMe. 

If  ilie  view  tliat  ]\w  bwn  prraented  respecting  the  continuation,  of 
fibra  from  the  cord  to  the  brain  be  correct,  these  fibres  dis-  „  .        , 
.charge  a  commissunil  uutj.     Tui^  would  lead  us  to  hu]>-  »ar>-  tmrcB  of 
jipofletbat  tbero  is  a  correspondence  Iwtween  itie  functions  of        "* 
the  coluiDus  of  tlie  cord  and  thoso  of  tlic  roots  of  the  spinal  ncrvca,  the 
Urttrior  columns  being  motiferons,  or  In  unison  with  the  motor  root  of 
tbe  nerves,  Ibe  posterior  being  eensifurous,  or  in  nniHOii  with  the  sensory 
root  of  tlw  nerves.     Agrwably  to  tluH,  if  tins  autrrior  columns  bo  irri- 
lattd,  motiona  ore  excited  in  all  those  parts  which  arc  supplied  with 
nerrca  bcyotid  the  irritated  point ;  nnd  if  the  posterior  coltmins  be  irri- 
tated, in  like  manner  pain  is  experiencMl.      In  this  iiiRtance,  however,  a 
certain  amount  of  motion  is  occasionally  oWerved,  but  this  has  common- 
'  Ij  heea  explained  by  referring  it  to  re6exion  within  iJie  cord.     It  has 
>1m  been  observed,  as  strengthening  these  views,  that  if  the  posterior 
ealnnms  be  irritated  after  compli-te  section  of  the  cord,  the  result  will  de- 
pend on  wUicll  of  tito  cut  portions  be  disturbed ;  if  it  be  the  lower,  there 
wiD  Ix-  no  effect.     An  oxamination.  under  the  name  circumstances,  of  the 
■Blerior  tiolamn!i,  dcmonstratci  that,  if  the  upper  section  be  irritated,  there 
I  !•  BO  effect  pwxlnoed :  if  the  lower,  there  are  convulsive  movcmenta  of 
the  j«rts  supplied  with  ner\-c9  beyond. 

Vnm  these  rcjmlts  we  sliould  inter  tlial  tlie  physiological  iiuictions  of 
the  anterior  and  posterior  roots  of  the  spinal  nerves  arc  partii-ijiatcd  in 
■y  the  anterior  and  po«lcrior  columns  of  the  cord,  and  might  therefore 
iftacpect  lliftt  those  functions  would  lie  coniinncd  in  the  higher  distribu- 
tion of  the  columns  above  the  medulla  oblon^ta. 

From  the  point  of  view  under  which  we  have  thiui  presented  it,  the 

'  tetioB  of  tlic  spinal  cord  is  ihcrofore  simple,  or  it  is  distnrli-  c^^nj  j^^ 

*d  by  the  agency  of  the  brain  ;  in  the  first  case  it  offers  it-  »■""•  "'••« 

>^ purely  as  an  automatic  instrument;  in  the  latter,  its  eoin- 

[Qliaanl  connections  with  the  bniin  make  a  et^>m]H<utid  iipiMiratus.     The 

ICnnwr  state  is  closely  representi^l  in  the  construction  of  the  amphioxus, 

tbenervons  system  of  which  has  no  rudiment  of  a  cerebrum  or  ccrcbol- 

'lutn;  in  this  animal,  thi^refore,  since  also  the  sensory  ganglia  arc  merely 

:  in  amdimentary  state,  the  mode  of  life  must  be  purely  mechanical,  just 

it  is  with  an  arti6cial  automaton,  ol'  whicb,  when  a  given  spring  is 

a  given  motion  is  made.     Kven  among  the  highest  vertobrated 

inula,  man  himself  at  the  periodic  timei>  of  quiescence  of  the  cerebrum, 

**  iQ  fIcc^  when  the  corcbral  influence  over  other  portions  is,  to  a  certain 

**'<»it,  sttspcndrd,  an  npprom::h  to  a  similar  conrliiion  occura:  but  in 

of  acti\*ity  of  the  cerebmm.  it  can  hold  the  spimtl  cord  in  chock, 
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controlling,  and  in  some  cases  arresting  ita  action,  and  this  U  done  thrones  ^li 
influences  propagated  along  the  tubular  structures  of  the  poaterioT  and  ^^^30- 
terior  columns,  which  therefore  are  to  be  regarded,  in  thiB  xespect,  u 

commissures  to  the  brain. 

OF  THE  MEDULLA  OBLONGATA. 

The  medulla  oblongata  is  a  conical  body,  lying  between  the  spnal  ccjmtd 
Umita  nf  tba  ^^'^  *''°  l^^aiu.  It  is  generally  understood  to  be  bounded  it 
medulUoblon-  its  upper  portion  by  the  pons  varolii,  but  this  is  not  a  tc — ne 
**'*■  limit,  since  its  structure  extends  through  the  pons  Taralii       to 

the  crura  of  the  brain.  There  is  the  same  indeliniteness  of  limit  as  r^KC- 
spects  its  lower  boundary,  which  is  generally  said  to  be  marked  by  flo^c=iK 
decussating  iibres  which  appear  on  its  front.  Like  the  spinal  coxdr  it 
Its  Kubdivii'  has  an  anterior  and  posterior  fissure,  which  diride  it  into  t^^ao 
ioDs.  aymmetrical  lateral  halves ;  the  former  is  a  continuation     W 

the  anterior  spinal  lissure,  the  latter  of  the  posterior,  and  ends  in  the  C-  J** 
lamus  scriptorius  above.     The  lateral  halves  thus  produced  ftre  mifc"-^^ 
by  three  grooves,  producing  four  eminences,  which  pass  under  the  {dH 
ing  names:   1st.  The  anterior  pyramids;  2d.  The  cdivaiy  bodies; 
Tlie  rcatiform  bodies ;  4tli.  The  ^wsterior  pyramids.     The  anterior 
sure  is  crossed  about  an  inch  below  the  pons  varolii  by  decussating  fibr^s*^ 
and  hence  injuries  on  one  side  of  the  brain  produce  nervous  effects  on  t  -^^^^ 
opposite  side  of  the  body. 

First.  The  anterior  pyramids  consist  of  white  fibres  originating  n^^S*' 
The  Mierior  t'''^  decussating  fasciculi.  They  have  a  compound  structu^^C^ 
pyratniiis.  for  each  contains  iibrea  arising  from  the  inner  side  of  the  o  •^•P' 
posite  anterior  column  of  tiie  cord,  and  also  fibres  from  its  own  sid^^  '^' 
tlicy  pass  through  tlie  pons  varolii  into  the  crus  cerebri.  From  1116^—=^** 
pjTamids  curved  fibres  pass  round  the  olivary  body,  and  are  lost  in  t^^th^ 
rcatiform.     Tliey  arc  called  arciform  fibres. 

Kocoud.  The  corpora  olivaria  receive  tlieir  name  from  their  olive  ahaq^  ^' 
Thi!  olivary  Tlicv  aro  Separated  by  a  groove  from  the  preceding  in  fron-^**' 
iwiiifs.         arul  by  another  groove  from  the  restiform  bodies  behind.     Ej**^' 
temally,  they  are  formed  of  white  tubular  tissue,  which  incloses  a  veri^  -*" 
ular  uiiisa,  the  olivary  ganglion,  which  connects  with  the  vesicular  slruo^  -* 
tim;  of  the  pons  aliove,  and  that  of  the  cord  below.     The  fibres  of  the^^  * 
ganglia  arc  tailed  the  olivary  tracts.      They  are  continuous  with  the  cerT"^  "" 
tral  part  of  the  medulla  oblongata,  passing  behind  the  pyramids,  exten*!^'^ 
ing  upward  along  the  posterior  part  of  the  crura  cerebri  to  the  optic  thaC-^' 
ami  and  tubercula  quadrigemina.     The  olivary  bodies  exist  only  in  mac  -^*" 
and  the  monkey  tribe. 

Third.  The  restiform  bodies  are  separated  from  the  olivary  by  »-        * 
c^roove.     They  are  continuous  with  the  posterior  and  antero-lateral  col—  ^^' 
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continaous  witli  ihc  inner  pari  of  its  crus.     They  there-  l'"'*''^^*- 
»re  ■TO  a  txacl  of  communication  from  the  spinal  cord  to  llic  cerebellum. 
itv  each  inclose  a  gray  nucleus,  which  is  the  ganglion  of  tlie  pncumo- 

ric  nerves,  and  of  some  of  the  roots  of  the  gloaso-pharyngeol. 
Fourth.  Thv  |iDsteriur  pyramids  are  doubtfully  marked  off  from  the 
iform  bodies  in  iront,  and  are  separated  from  each  oUicr  -ni*  pootcrior 
poeterior  fisauie.     Sujieriorly,  their  fibres  ai«  contin-  pj'«ii»M»- 
with  the  Bcnaory  tract  of  the  crura  cerebri :  llieir  gray  nuclei  are 
ganglia  of.tlio  auditory  nen'cs. 
ptg,  ifc  The  structure  of  the  medulla  oblongata  is  excmpli- 

tied  in  the  annexed  Hgiircs. 

Fig,  146:  Ifcltiasm  of  the  optic  nerves;  2,  cruace-re- 
bri;  3,  tuber  cinercum;  4,  corpora  albicuulia ;  6,  locua 
|jertbratua ;  6,  pon»  vnrolii ;  7,  section  of  the  middle 
peduncle  of  cerebellum  ;  8,  transverse  fissure,  separa- 
ting the  medulla  from  the  pons;  y,  first  enlargement 
of  the  cord,  or  medulla  oblongata;  10,  anterior  pjta- 
mid;  U,  olivary  body ;  12,  anterior  portion  of  resti- 
foiTO  body:  ly,  neck  of  the  medulla  oblongata;  from 
16 downward  is  the  aiitcrior  median  fiasurc;  from  li 
downward,  the  anterior  lateral  furrow. 

Fhj.  146:  1.  section  of  optic 
tract;  2,  tubcrcula  quadrtguinina; 
3,  triangular  band ;  4,  section  of  cms  cerebelli ;  /), 
■QedoUa  oblongata ;  G,  anterior  Hoor  of  the  fourth  ven- 
ride;  7,  median  Hssurc  of  the  fourth  ventriclei  aid- 
to  form  the  calamus  acriptoriuH;  8,  mammiUary 
ling  near  the  nib  of  the  pen ;  9,  posterior  portion 
of  the  TCfltifonn  body;  from  12  down- 
ward, posterior  median  fiaaure ;  from 
13  downward,  lateral  furrow;  from  14 
downward,  posterior  liirrow. 

/''(V/.  147:  (J,  anterior  column  of  the 
cord,  divided  suixriorly  into  two  portions,  of  which  ihc 
most  internal  one  conlnbuteR  to  the  foriiiHtion  of  the  cor- 
rcaponding  pjTaraid ;  7,  middle  or  lateral  column,  di- 
vided superiorly  into  three  or  four  portions,  decussating 
witli  aa  many  portions  of  the  column  of  (lie  opposite  side. 
the  decussation  taking  place  Iwtii  latci'ally  and  antcro- 
po^teriorly:  it  is  the  origin  of  the  internal  two  thirds 
of  the  pyramid ;  8,  8,  pyramids ;  9,  white  fibres  of  the 
^^IlTpli.  pyramid^  traversing  the  pona,  and  oontiniiiiig  to  the  cru» 
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cerebri ;   10,  Bupcr6cial  section  of  the 

Tcrar-  6bres  of  ilic  pons :   1 1^  dfeper  sectu 

of  Uic  tnuiHVorno  fibres  of  thu  pons;  13,a^^H> 

vary  body ;   13,  rigtit  olivary  body,  broag     —hi 

into  view  by  removal  of  tho  coircspondli^^Bs: 

p^-Tsmid. 

J'iff,  148  in  B  |)o«tcnor  virtr  of  the  n^^Kw- 
dulla  ublongafa:  /',  ji^  posterior  pynum^^^i, 
sc|)anit»l  by  a  imsterior  fissure ;  r,  r,  ini  ^li 
form  bodies,  composed  of,  c;  c,  poAtcrior  o^^*ot- 
nmns,  nnd  d,  <A  l"^  of  uitcro-UttTal  c^^hJ- 
unins  oflliR  cord;  (t,  <7,  olivary  coiunins,  u 

seen  on  the  floor  of  tlie  foarth  ventrido,  i"  ~'j*- 
aratixl  by  9,  tbu  tnediau  (issurc,  aud  cnMB^^sed 
by  Boipp  fibn?s  of  origin  uf,  n,  n,  the  aerea^gath- 
pair  of  nerves. 


PUNCnOXS  OF  THE  MCDIIIXA  OBLONGATA- 
\newed  as  m  superposed  conlinnation  of  the  spinal  cord,  the  meduB^-J" 
Fiinrtioi.»«r  oblongRta  is  the  tract  of  conmiunicalion  betiroon  lliat  or^g^c^*" 
Uto  niojuiu :  juij  the  brain :  the  anterior  pyramids  and  olivary  tracts  co-  ■^c)**' 
Mininunica.  vey  uiotor  uflucnces,  and  the  restiform  tracts  and  posteri'  -^_'^ 
'*™-  pyramids  sensations,     liy  esiieriments  sitniUr  to  those  whk^  -•™ 

hare  been  performed  upon  the  cord,  llicso  conclusions  have  been  maiK-^^ 


M 


tained. 

Ilui,  besides  thiit  ftinction  of  conduction,  the  medulla  oblongata  di» 
chat^cs  a  most  important  duty  ha  a  nervoas  centre;  on  it  depend  reflp^   _ 
ration  and  dt^dutition.     Tho  brain  may  be  wholly  removed  above,  an*^"^"*^ 
the  spinal  cord  below,  as  far  as  the  origin  of  the  plireriic  uerve,  withoit*'     ' 
death  neoessarily  ensuing,  but  on  wounding  the  mc«luUa  oblongata,  th^^'''^ 
muscular  movements  necessary  for  tlic  introduction  of  air  are  necessaril^-*|jj 
stopped.  ^H 

Moreovta-,  the  medulla  oblongata  CJthibits  the  proiwrty  of  reflex  action  ^^^p 
lUNlaUaajto  So  far  as  the  function  of  respiration  is  concenuxU  its  chie^-^^  i 
wapiraiioiL  ccntripetnl  nerve  is  the  pneumogastric,  but  the  power  which^"^; 
it  posaessea  is  participated  in  by  many  othnrs,  |ierhaps  by  reason  of  tb^^^** 
venous  condition  into  whicii  the  blood  is  brought  from  want  of  proj 
Mratiou.  The  violent  respiratory  movements  by  tho  sudden  applicatioE 
of  cold  to  the  skin,  the  shower-bath,  or  dashing  cold  water  on  the  facc,^-^^ 
are  converted  by  it  into  respiratory  muacular  motions.  From  it  alao^-Jj 
arise  the  movements  n^piinxl  in  the  act  of  deglutition.  ^| 

Under  this  view  of  ihn  functions  of  the  medulla  oblongata,  it  is  to  be  ^^^ 
regarded  as  an  eJiclusively  autvuiatic  instrument,  which  can  continue  its 
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O|jeniion  after  the  excision  of  tlic  liraiii.  As  with  the  spinal  cord,  eo 
•with  it :  its  simple  action  nay  continue  though  its  commissuml  action 
has  ccaAccl,  am!  thin  cit)ier  througli  conditions  of  dJHcasc  or  by  the  od- 
nunistration  of  drugs.  In  lesions  of  the  bmiit  respiration  may  still  con- 
lioue,  as  it  may  also  when  sensation  and  voluntary  motion  have  l^een  ar- 
rested by  the  breathing  of  chlorotbrm. 

OF  THR  PONS  VAUOLIl. 

,e  pons  varolii  conflists  of  a  loop  of  fibrcfl  ]>aFifling  from  one  oniD 
OBicbelli  to  the  other,  aroiuid  the  tracts  of  communication  stmctaroofthc 
'between  the  conl  nml  tlic  brain.  As  shown  in  /"Vy.  145,  t">jw»nrolii. 
tbe^  do  not  form  a  continuous  superficial  commissure,  but,  at  a  certun 
distance  bciow,  interlace  with  the  fibres  of  the  ]>yTaroidfl ;  moreover, 
aunong  their  deeper  Hbrc*  gray  vesicular  matter  occurs.  Tliat  they  con- 
stitute mainly  a  uonimissurc  for  the  cerebellum  is  apparent  from  the  cir- 
raunstancu  that*  in  those  animals  whicli  luive  the  median  cerebellar  lobi- 

there  is  no  ponit,  and  in  other  cases  Its  relattve  magnitude  is  in 

trtion  to  tlic  size  of  thu  cerebellar  facmispbereB. 

ruNcnoNs  of  the  pons  varolh. 

The  ftinctions  of  the  pons  varolii  are  therefore  twofold :  it  acts  as  n 
omdactor,  and  also  as  a  nerve  centre.  In  the  first  re«pcct,  it  pimctiotis  of 
is  the  cliannel  from  the  spitml  column  to  the  cerebrum  and  ""^  !"""■ 
cercbeUum,  and  also  between  the  cerebellar  halves,  and  experiments  upon 
it«  iu  giving  me  to  sensations  and  motions,  arc  in  confonuity  with  what 
TB  should  anticipate  from  the  structure  and  functions  of  the  spinal  cord. 
In  the  second  rrflp**ct,  as  a  nervous  centre,  it  has  been  stated  that,  when 
tiie  cerebram  and  cerebellum  arc  removed,  but  the  pons  left  untouched, 
aa  animal  gives  tokens  of  sensation  when  pinched  or  irritated,  and  like* 
■wise  execntes  motiom*  w!iit;h  have  an  object ;  these,  however,  were  no 
longer  observed  alter  the  removal  of  the  pons. 

We  have  liad  repeated  occasion  already  to  mention  tliat  tlic  surest 
Elide  which  can  be  followed  in  interpretations  of  the  func- 
tints  oE  the  nervous  nyf^tem  is  romparative  physiology.     Uur  t^jr^  tj^w,  ot 
wws  of  the  action  of  the  spinal  cord,  medulla  oblongata,  [I|*J!J|*'^^ 
even  portions  above,  hereafter  to  be  described,  will  he  mlvorAof***- 
idered  clear  by  a  knowledge  of  the  structure  and  func-  |h!i"^t"* 
tiona  of  the  ventral  cord  of  tho  articulata,  the  anolc^  of  wrdof«rtiCT»- 
which  to  the  jtarts  we  have  had  nnd4-r  consideration  was 
fira*  correctly  poinled  out  by  1>t.  Carpenter.     I  therefore  transcribe  from 
bim  Q^mand  and  f'-omparaiive  Physiology  the  following  paritgraphs,  whicJi 
pf**ent  his  riewa  ivith  perspicuity. 

'Hie  plan  on  which  the  nervotu  urstem  is  distribnted  iii  the  saV 
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ngdom  artictilata  exhibiu  a  rentarkablc  utiiformily  throughout  the 
whole  series,  while  its  diaracte-r  graJually  bccoinea  more  elevated  as  we 
trace  it  from  the  lowejit  to  the  highest  divisions  of  tlic  group.  It  tun- 
ally  conBistS  of  a  double  nervous  cord  studded  with  ganglia  at  intejvalg, 
and  the  more  alike  tlic  different  segmcnta,  the  more  equal  arc  these  gan- 
glia. Tlie  two  filaments  of  the  iien-oua  cord  are  sometimes 
at  a  considerable  ilistance  from  one  another,  and  the  ganglia 
are  distinct,  but  more  frequently  they  are  in  close  apposilion* 
and  llieir  ganglia  apjicar  fiingli;  and  common  to  botli.  That 
whifli  may  seem  as  the  typical  conformation  of  the  nervous 
system  of  this  group  is  seen  in  the  ganglionic  cord  of  soolo- 
pi-ndra,  or  in  that  of  the  larvte  of  most  insects,  such  arf  that 
of  the  f^hitup  ligttatriy  Fig.  149.  Here  we  see  the  nervons 
cord  nearly  uniform  throughout,  itii  two  halves  being  sepa- 
rated, however,  in  the  anterior  portion  of  the  body.  The 
ganglia  arc  disposed  at  tolerably  regular  inlervals,  arc  simi- 
lar tu  each  other  in  size  (with  the  cxoepttoii  of  the  last* 
which  is  fonned  by  the  coaloscctice  of  two),  and  every  one 
auppLies  its  own  segntent,  and  has  little  conneclion  with  any 
oilier.  The  two  filaments  of  the  cord  divei^  behind  the 
head  to  inclose  the  u-sophagus,  above  which  we  find  a  pair 
of  ganglia  that  receive  the  nerves  of  tlte  eyes  and  antenna!. 
We  shall  find  that  in  the  higher  classes  the  inequality  in  the 
fomialioii  and  office  of  the  different  segments,  and  the  in- 
creased powers  of  spcial  sensation,  involve  a  considerable 
change  in  the  nervous  system,  whicli  is  concentrated  about 
.pi.in>  iiKii-»n.  tijp  i,j^j  jmj  iiiorax.  In  the  simplest  venuifomi  tribes,  on 
the  other  hand,  wc  lose  all  trace  of  se|>aratc  ganglia,  ihc  nervous  cord 
passing  without  evident  cnlRrgcment  fnjiii  one  extremity  lo  the  other. 
Whatever  may  be  the  degree  of  muliipHcation  of  the  ganglia  of  the 
trunk,  they  seem  but  repetitions  of  one  another,  ihc  fnnctiona  of  each 
segment  being  the  same  with  those  of  the  rest.  The  cephnlir  ganglia, 
however,  arc  always  larger  and  more  important.  They  are  connected 
with  the  organs  of  special  sense,  and  ihey  evidently  possess  a  power  of 
directing  and  controlling  the  movements  of  the  entire  body,  while  the 
power  of  each  ganglion  of  the  trunk  Ja  confined  to  its  own  segment. 

"  The  longitudinal  ganglionic  oord  of  the  artieulnta  occupies  a  position 
which  seeniH  at  lirst  sight  altogether  different  from  that  of  the  ner\*oun 
system  of  vertebrated  animals,  being  found  in  the  neighborhood  of  the. 
ventrai  or  mforior  surface  of  their  bodies,  instead  of  lying  just  beneath 
rhcir  dortal  or  upper  surfocc.  From  the  history  of  their  development, 
jiowevcr,  and  firom  some  other  considerations,  it  has  been  saggeslcd  that 
the  xehoU  body  of  these  animaLa  may  be  considered  as  iu  au  inverted  po- 
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siUoii,  (be  pari  id  wliicli  the  BCgmenlation  itt  first  diulinguiabeil  m  insectti 
being  the  cquL^'alent  of  the  dorsal  region  in  veitebnita,  and  tliat  over 
which  the  gcmiiqal  meinbrBne  i8  last  to  close  in,  being  homologous  with 
the  ventral  re^on.  This  view  applies  also  to  the  position  of  the  dorsal 
TesscI,  whidi  would  tlien  be  on  the  vontral  nidc  of  the  nxiit,  as  in  verte- 
bntA.  Regarded  under  this  aspect,  the  longitudinal  nervous  tract  of  ar- 
ticulata  corresponds  with  the  spinal  cord  of  vertcbrated  animaU  in  i>OB)- 
tion.  as  vre  shall  Hnd  it  Joen  in  function. 

'•  When  the  structure  of  the  chain  of  ganglia  is  more  particularly  in- 
quired into,  it  is  found  to  consist  of  two  distiit'Ct  tracta.  one  of  which  is 
coinpoeod  of  itorvc  fibres  only,  and  paases  backward  from  the  cpjihalit* 
pmglia  over  the  surface  of  all  the  ganglia  of  the  trunk,  giving  off 
hnuichc3  to  the  nerves  that  proceed  ftom  them,  while  the  other  incladea 
she  ganglia  themselves.     Hence,  as  in  the  moUusca.  every  part  of  the 
body  has  two  sets  of  ncn-ous  connections,  one  witli  the  cephalic  ganglia, 
and  the  other  with  the  ganglion  of  its  own  segment.     Impressions  made 
upon  the  afferent  fibres  which  proceed  from  any  part  of  the  body  to  the 
«^halic  ganglia  become  sciiHations  when  conveyed  to  the  latter,  while  in 
TCBpondcoce  to  these,  the  consensual  impidseB,  operating  through  the  ce- 
phalic ganglia,  harmonize  and  direct  the  general  movements  of  the  body 
by  means  of  the  efferent  ncn'ca  proceeding  from  them.     For  the  purely 
veBex  operations,  on  the  other  hand,  the  ganglia  of  the  ventral  cord  are 
fofficient,  each  one  ministering  to  the  actions  of  its  own  segment,  and  to 
a  certain  extent,  also,  to  those  of  oilier  segments.     It  has  been  ascertained 
by  the  caretul  dissections  of  Mr.  Newport,  to  whom  we  owe  all  our  most 
aecorate  knowledge  of  the  nervoxis  system  in  articulated  animals,  that  of 
the  filnrcB  constituting  the  roots  by  which  the  nerves  are  implanted  in 
itte  ganglia,  some  [mkm  into  the  vesicular  iitalter  of  the  ganglion,  and,  after 
etming  into  relation  with  its  vt-sicnlar  substance,  pass  out  again  on  the 
Mme  aide  (J"'!^.  150,^,  i).  while'a  second  set,  after  traversing  the  vesi^ 
■uW  matter,  pass  out  by  the  trunks  proceeding  from  the  op^wsitc  aide  of 
1&6  aame  ganglion,  and  a  third  set  run  along  the  portion  of  llie  cord  which 

connects  the  ganglia  of  dif!erent  segments, 
and  enter  the  nervous  trunks  that  iiuiuc  from 
them  at  a  distance  of  one  or  more  ganglia 
above  or  below. 

"/*y.  150,  from  ganglionic  tract  of  poly- 
dcsmus  macolntus.  6^  uttetgangtionic  cord ; 
e,  anterior  nerves ;  rf,  posterior ;  J",  1%  fibres 
of  reflex  action  ;  g,  ft,  commissural  fibres  ;  t, 
longitudinal  fibres,  softened  and  enlarged  as 
they  pass  through  the  ganglionic  matter. 
"Thus  it  appears  that  au  impression  cow- 
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voyod  by  an  nfferent  fibre  to  any  ganglion  may  excite  motion  in  the  miu- 
ulus  of  the  »anic  side  of  its  own  scgutent,  or  iu  ibodc  of  the  oppoailo  aide, 
Or  in  those  of  scguicnta  at  a  greater,  or  less  distance,,  according  to  the 
poiDt  at  which  the  efferent  fibres  leave  the  cord ;  and  as  the  function  of 
these  gangha  is  altogether  related  to  the  locomotive  autiooa  of  the  seg- 
ments, \vc  may  regard  them  as  so  many  repetitious  of  the  pedal  ganglia 
of  the  niolhiHca,  their  luulti plication  being  in  preeine  accordance  with  llutt 
of  the  itiBtruuienla  whicli  ilioy  supjily. 

**  The  general  conformation  of  arliciiJated  animaU,  and  the  arrangement 
of  the  parts  of  their  norvoua  systems,  render  them  pecuHarly  favoraUe 
«nbjccta  for  the  study  of  the  reflex  actions,  sotnc  of  the  princijial  ph^ 
nomena  of  whicli  will  now  be  described.  The  mantis  rtligioaa  custom- 
arily places  itself  in  a  curious  jwsition,  especially  when  tlurcatened  or  at- 
tacked, resting  on  its  two  poi^terior  patra  of  leg^  luid  elevating  its  thorax 
ivith  the  anterior  pair,  which  are  aimed  with  powerful  claws  ;  now  if  the 
anterior  segment  of  the  thorax,  with  its  attached  uiembcvs,  he  removed. 
the  posterior  part  of  the  body  will  still  remain  balanced  upon  the  fotir 
legs  which  belong  to  it,  re.'^isting  any  attempts  to  overthrow  it,  recover- 
ing its  position  when  disturbed^  and  porlbrming  the  same  agitated  niove- 
nicnt8  uf  tho  wingi!  and  (tlytra  as  wiu-Ji  the  iintnutilntcd  insect  is  irritated ; 
on  llie  other  hand,  tho  detachod  portion  of  tlie  thorax,  wliich  contains  a 
ganglion,  will,  when  separated  from  the  head,  set  in  motion  its  long  arnis* 
ai:d  impress  their  hooks  on  the  tigers  which  hold  it.  If  the  head  of  a 
centipede  bo  cut  off  while  it  la  in  motion,  tiie  body  will  continue  to  move 
onward  by  the  action  of  the  legA,  and  the  same  will  take  place  in  the 
separate  parts  if  the  body  be  divided  into  fieveral  distinct  portions. 
After  tlicso  actions  have  conic  to  an  end,  they  may  be  excited  again  by 
irritating  any  part  of  the  nervous  centres,  or  the  cut  extremity  of  the 
nen'oos  cord.  X'ho  body  is  moved  forward  by  the  r^ular  and  8nccessi\'c 
action  of  the  legs,  as  in  the  natural  state,  but  its  tnovcmcnt<i  are  always 
forward,  never  backward,  and  arc  only  directed  to  one  side  when  tlic  for- 
ward nmveroent  ia  checked  by  an  intprposed  obstacle.  Hence,  though 
they  might  seem  to  indicate  consciousness  and  a  guiduig  will,  they  do 
not  so  in  reality,  for  they  are  carried  on,  as  it  were,  mechanically,  and 
!<how  no  direction  of  object,  no  avoidance  of  danger.  If  the  body  be  op- 
|X>iied  iu  its  progrctis  by  an  obstacle  of  itot  more  than  half  of  its  own 
iieight,  it  mounts  over  it,  and  moves  directly  onward  as  in  its  natural 
state ;  but  if  the  obstacle  be  equal  to  its  own  height,  its  progress  is  an-cst- 
ed,  and  the  cut  extremity  of  the  body  remains  forced  ap  agulni^t  llic  op- 
|)Osing  substance,  the  lugs  still  continuing  to  move.  If,  again,  the  nerv- 
ous cord  of  a  centipi^de  l>c  divided  in  tho  middle  of  the  trunk,  so  that  the 
Idnder  legs  are  cut  oH'  from  connection  with  the  cephalic  ganglia,  they 
will  continue  to  move,  but  not  In  harmony  with  those  of  the  fon-  part  of 
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the  body,  being  coniplelrlr  paralyzed,  so  far  as  the  animal'a  controUing 
^wcr  10  concomud,  though  still  cn{>able  of  pcrt'onuiog  Tcficx  movements 
fey  tiie  influence  of  thrir  own  ganglift,  which  may  thu«  continac  to  propel 
(kft  body  in  opposition  to  the  determinations  of  the  animal  itself.  The 
is  still  mow  remarkable  when  the  nervous  uord  ia  no)  merely  di- 
bat  a  portion  of  it  is  entirely  removed  from  the  middle  of  the  trunk ; 
rllie  onteiior  legs  still  remain  obedient  to  the  nnimal''s  control,  the  legs 
flba  segments  from  wliich  the  nervous  cord  bos  been  removed  are  alto- 
motionlcsis,  while  ibosc  of  the  posterior  negnients  continue  lo  act 
Dgh  the  retlex  powi;rs  of  their  own  gangling  in  a  manner  which  shows 
the  animal  has  no  pownr  of  clircking  or  directing  them. 
•'  The  Btiraulua  to  the  reflex  movements  of  the  Irga  in  llic  foregoing 
cues  appoara  to  be  given  by  the  contsrct  of  the  extremities  wiUi  the  solid 
sm&oe  on  which  tJicy  rest.  In  other  instances  the  appropriate  impresuoD 
can  only  be  made  by  the  contact  of  liciuid.  Thus  a  dytiscus  (a  kind  of 
Wter-beetlo).  having  had  its  cephaUc  ganglia  removed,  remained  niotion- 
h>«i  as  long  as  it  rested  upon  a  dry  surface,  but  when  eaut  into  water  it 
'^Xccsted  the  usual  awimmiag  iuotions  with  great  energy  and  rapidity, 
"^liking  ail  its  comrades  to  one  side  by  its  violence,  aiid  persisting  in 
lilGsc  for  more  than  half  an  hour.  Other  movements  again  may  bo  cjc- 
•^ttxl  through  the  respiratory  snrfni*.  Thus,  if  tlic  head  of  a  <-^.Ntipede 
"B  cut  off,  and,  while  it  remains  at  rest,  some  irritating  vapor  (such  as 
^*uil  of  amiiiouia  or  iimriatic  acid)  be  cauiicd  to  enter  the  air-tubca  on  one 
*^><lfc  of  the  inudc,  the  body  will  be  immediately  Lent  in  the  opposite  direo- 
so  as  to  withdraw  itself  as  much  as  jiossihle  from  the  influence  of 
Tapor ;  if  the  same  irritation  be  then  ajtplicd  to  (he  other  side,  the  re- 
l^dtie  movemcat  will  take  place,  and  the  hody  may  be  caused  to  bend  in 
'■Wo  or  ttuTM  difierent  curvca  by  bringing  the  irritating  vapor  into  the 
•*«ij^hborhood  of  different  parts  of  either  side.  This  movement  ia  evi- 
•*emly  a  reflex  one,  and  ser^-es  to  withdraw  the  entrancoa  of  the  air-tubes 
^^>D  the  source  of  irritation,  in  the  same  manner  as  the  acts  of  coughing 
*-*^  sneezing  in  the  higher  animals  cause  the  expulsion  from  the  air-pae- 
**gca  of  solid,  liquid,  or  gasuous  irritating  matters  which  may  Jiavc  found 
I     **>ciy  way  into  them. 

H        *^*From  these  and  similar  facts,  it  appears  that  the  ordinary  movements 

.     •***  the  legs  and  wings  of  articulated  animals  are  of  a  reflex  nature,  and 

»>Uky  be  cflTectcd  solely  through  the  ganglia  with  which  these  organs  are 

"wvendly  counccled;  while,  in  the  perfect  being,  they  arc  harmoniwsd, 

^cnauoUed.  and  directed  by  impulses  which  act  tliTxntgh  the  cephalic  gan- 

l^'M.and  (be  nerves  proceeding  from  them.     There  is  strong  reason  lo 

"Bli«Te  tJiat  the  operatiuuK  to  which  tbese  gangUa  ore  subservient  are  al- 

wo*!  entirely  of  a  consenwial  nature,  being  immediately  prompted  by 

"^K^Mtions,  chiefly  those  of  sig)ti,  and  seldom  or  never  by  any  procosses 
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of  a  truly  rational  cUararler.  Wlioii  wc  attpntively  conRtJcr  the  liabits 
of  these  aniiiialBr  we  HnU  that  their  adioii?,  though  cvidcolly  dircclal  to 
the  ftttainiucut  of  certain  ends,  are  very  far  from  being  of  the  same  spon- 
taneou.i  nature,  or  ^m  ponftenfting  the  .tmnc  designed  adAptalion  of  means 
to  ends  as  those  performed  by  ouraclves,  or  by  the  more  intelligent  ver* 
tebrata  under  like  cirminidtances.  "VVe  judge  of  this  by  their  unvarj-ing 
clioracter,  the  dini'reiit  individuala  of  the  same  species  executing  pro- 
cisely  the  same  movements  irbcn  the  circumstances  are  the  samei  and 
by  the  very  elaborate  nature  of  the  mental  emotions  which  would  be  re- 
quired in  many  iiitttanccA  1o  arrive  at  the  same  results  by  an  effort  of 
reason.  Of  such  wc  can  not  have  a  more  remarkable  exiiinplc  llian  ia 
to  be  found  in  the  operations  of  bees,  wasps,  and  other  social  insects, 
which  constnict  habitations  for  themselves  upon  a  plan  which  the  most 
enlightened  human  intelligence,  working  according  to  the  most  rctined 
geometrical  principles,  couki  not  eurpass,  but  which  yet  do  so  without 
education  coinmuiucated  by  their  patents  or  progressive  attempts  of  tlieir 
own,  and  with  no  trace  of  hesitation,  confusion,  or  interruption,  the  dil- 
ferenl  iudividuuhi  of  tlie  community  all  laboring  cflectively  (o  one  pur- 
pose, because  their  automatic  impulses  (producing  what  ore  usually  tPTrn- 
ed  instinctive  actions)  are  all  of  tlic  Hiunc  nature. 

'*  Not  only  are.  the  loconiotivo  gjuiglin  multiplied  in  accordance  with  the 
repetition  of  segments  and  members,  but  the  respiratoiy  ganglia  are  mul- 
tiplied in  like  manner  in  acconlancc  with  a  n?|)etitlon  of  resptralory  or- 
gans. Tlic  respiratory  diviniun  of  the  nervous  system  consists  of  a  chain 
of  minute  ganglia  lying  upon  the  larger  cord,  and  seiitUng  off  its  delicate 
nerves  between  those  that  proceed  from  the  ganglia  of  (ho  latter,  as  seen 
in  J''iff.  l.Jl,  These  respiratory  gimglia  and  their  nerves  are  best  seen  in 
the  llioracie  portion  of  llie  curd,  wliuro  the  cords  of  communication  be- 
tween the  pedal  ganglia  diverge  or  separate  from  one  another;  and  this 
is  particularly  the  case  in  the  pupa  state,  when  the  whole  cord  is  lieing 
shortened  and  their  divergcneo  is  increased.  The  thoraac  iwrtion  of  the 
cord  is  shown  in  Ftff.  152,  R,  which  represents  the  second,  third,  and 
fonrtb  double  ganglia  of  the  ventnd  cord,  the  cords  ofconnection  between 
them  here  widely  diverging  laterally,  and  the  small  respiratory  ganglia 
which  arc  connected  with  each  other  by  delicate  lilanients  that  pass  over 
'V.  isi.         tlic  ganglia  of  the  vcnlral  oflrd,  and  which  Hpnd  ott"  lateral 

branches  that  are  distributed  to  the  aiMulies  and  other 

parts  of  the  n-spiralory  apparatus,  and  commnnicate  with 

those  of  the  other  system." 

Illustrations  of  the  nervous  sjrstem  of  the  articnlata. 

J^ff.  151,  A,  single  ganglion  of  centipede^  much  enlarged, 
A  showing  the  distinctness  of  the  purely  fibrous  tract,  i,  from 

o«,ibnrf««u.    ^^  gangUonic  column,  «.     Fig.  152,  B,  portion  of  the 
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rtt.  ts*.  don1}te  cord  from  t  he  thorax  of 

the  pnpA  of  flphinx  ligiiAtri, 
showing  tlic  respiratory  gan- 
gliii  and  nerves  between  the 
gRiiglia  2,  3,  4,  iiihI  ttit;  sepa- 
rated cords  of  the  locomotivo 
systcju.  Fiy.  153,  C,  view 
of  the  two  »y»leia3  combined, 
showing  their  wrangoracnt  in 
the  larva:  a,  ganglion  of  the 
ventrid  cord ;  ft,  fibroua  tract 
passing  over  it ;  t,  c,  rcspira- 
lory  system  of  ncrveH,  distinct 
from  both. 

Having  tlius  presented  the  views  of  Dr.  Carpen- 
ter respecting  the  analogy  Iwtwcen  (bo  ventral  cortl 
of  the  artieulntii  and  the  ttpinal  c«rd  of  the  verte- 
brata,  I  aliould  next  continue-  the  explanations 
which  this  physiologi«t  has  offered  of  the  connec- 
tions and  relations  of  the  ftcnsory  ganglia ;  but  this 
can  not  bo  conveniently  (lone  until  wc  have  passed 
throngb  the  description  of  the  organs  at  the  base  of 
the  brain. 


ptf.  IK 


ntoneli?  fnitlan  o^^ard  at 
i^ilnx  llguattt. 


and  loMtddf  y^to. 


CILIlPTER  xvl 
of  tiie  biuin. 

TBfl  Bnnn .-  iM  .SfmrAire, — fit  Motor  and  fftntorj  J^xrU,  BemiMphitii,  and  OanmitMim. — 
The  .SVjiMrMMB. —  Variaiient  t/the  UtmUfthrrt*  in  Sitt  aid  Wtifkl. — ImrtrwrnbU  Natwr 
^Cbuftnm. —  7ih  CmbtUmm  iu  Stntrtwv  aad  Fiataiona. — a>-»iiinalu  imaaUar  Atalioiit. 
— Cb— aa<M  wili  Amaiimag. — P^fetolo^i/. — OWtisM  ofAetka  of  Untiit. 

llhMamM  ^tAt  firotn.— Awi-tKvt  o/mrh  Unlf,  andoftiolJi  amjoim^. — Jtubpaut- 
toad  fiimbortSaatlon  oftarfi  lirantjihrr*. — lMml>k  'nHfwjht.-^AbenuOe^  T^v^KU — Smti- 
mmt  ^  frt-vxUtsKn.—LOM  <if  i'irerptuM  o/'  ZVjui*. 

The  cerebrum  and  eercbellam,  being  oigans  additional  to  the  spinal 
cord,  and  developed,  as  has  been  8ho\vn  in  the  last  chapter,  „  ,  . 
upon  It,  tuo  cord  beuig  abie  to  mscliarge  its  own  functions  of  ametun  at 
independently  of  them,  wo  Bliall  hnd  it  at  onw  the  most  "' 
natund  and  most  commodious  method  to  consider  the.ir  f<tnictare3  as 
arising  oat  of  its  structure,  and  their  fonctions  as  having  relation  to  its 
fiinctions. 

A  general  idea  of  the  structure  of  the  brain  as  an  ap])endagc  to  the 
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H|>IiuU  cord  may  be  gatbered  hy  considering  that  a  bifurcation  of  the 
Kbres  takes  place  in  lUc  medulla  oblongata,  and  upon  one  of  tbe  re- 
iKulting  bundles,  tbo  cms  cerebri,  the  cerebrum  is  formed^  on  llie  other 
llic  cerebellum.  Tbc  crus  cerebri  is  composed  of  tbroc  strauds :  an  infe- 
rior, the  fibruii  of  which  have  couie  from  tlic  anterior  pyramids,  and  in 
|uirt  from  tbe  olivary  bodies.  This  strand  enda  in  tlie  corpus  striuiuin. 
its  fibres  iiol,  however,  blending  abruptly  witli  tlic  vcRicular  matter,  bnt 
passing  into  it  in  bundles.  It  is  psscntially  motor.  A  superior,  which 
is  derived  from  the  posterior  pyramids,  and  terminates  in  the  tbalamm. 
U  is  easciitialty  sensory.  Between  thcae,  coiistitutiug  the  llurd  ]X>rtion — 
.-itrand  it  can  scarcely  with  propriety  be  called — is  a  layer  of  dark  vesic- 
ular ttuUcrial,  tlic  locuH  iiiger.  It  is  to  be  understood  that  tlio  motor 
strands  of  llie  opposite  sides  decussate  in  the  medulla  oblongata ;  the 
*ensory  strands  decussate  in  the  meHutTplinlon. 

'  The  other  bundle,  arising  in  the  originiil  liifurcation,  assumes  tbc  des- 
Koraniion  of  ignntion  of  crus  cercbelli.  On  it  tbe  cerebellum  is  dcvel- 
liio  cwiitwUuni.  o]icd.  It  consists  essentially  of  fibres  from  the  restifomt 
bodies,  re-enforced  by  others  wliich  have  conic  Irom  the  anterior  pyramids 
under  the  imme  of  arcifomi  filires.  These  together  make  their  way  to 
the  interior  guuglioii  of  the  cerebellum,  the  corpus  dcntatuin,  and  there 
they  end.  But  tbc  crus  cen-bcUi  contains  likewise  two  otlicr  great 
strands  i  on  inferior,  which  constitutes  the  commisstirc  of  the  two  eera- 
bctlar  hcmiaphcTf^B,  and  ivhicli,  running  round  the  cntim  prolongations  of 
the  spinal  cqrd,  forms  the  pons  varolii ;  a  superior,  the  processus  cere- 
belli  ad  testes,  which  unites  the  cerebellum  and  cerebrum. 

Of  tiie  portions  of  the  spinal  cord  on  which  the  cerebrum  is  to  be  d^ 
velopcd,  tiiosc  which  are  sensory  end  in  the  cptic  thalamus,  those  which 
arc  motor  in  the  corpus  striatum.  The  thalamus  and  striattun  of  each 
^idc  may  be  n-garded  as  one  compound  goiigtlon,  since,  like  the  colmnns 
of  the  cord,  they  are  united  by  a  gray  and  a  wjiite  commissure.  Of  tlie 
portions  on  which  the  cerebellum  is  to  be  developctU  the  termination  is 
in  the  central  ganglion  of  the  cerebellum,  the  corpus  dcniatum. 

At  tlio  place  of  bifurcation  of  th><^  c-onatituent  stTambt  of  the  (Tiis  cere- 
bri and  crns  ccrebclH  from  each  other  in  the  medulla  oblon- 
'  gata,  there  is  intercalated  or  included,  a  gangbon,  which,  with 
its  apparatus,  constitutes  the  olivary  body,  the  fibres  of  which  make 
(heir  way  upward  between  the  two  preceding  bundles,  and,  having  bi- 
furcated, one  branch  goes  to  the  quadrigcmina  and  tlie  other  to  the  o^ 
tic  tlialanms,  the  latter  constituting,  as  has  Wen  »iid,  a  part  of  the 
eras  cerebri.  The  seat  of  power  of  tlie  medulla  oblongata  is  in  this 
;{anglion. 

Such  being  the  anatomical  construction  of  the  crus  cerebri,  it  may  be 
phystologicaUy  regarded  as  ■  compound  strand,  tbe  anterior  portion  of 
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which  is  motor,  the  posterior  sensor}' ;  hiii]  between  Ihcae  a  Ncrvei  of  th* 
dark  vesicular  deposit,  tliu  locus  tiiger,  wliicb  is  continuous  ',^^fl|,*au^]^! 
between  the  vesicular  matter  in  the  spinal  cord  and  that  of  spo'ciwaiy. 
the  thalamus  ami  coqnis  strifttuni.  From  the  lowest  extrcmitr  of  tlie 
cord  to  theac  great  ganglia  there  i*,  tlicrefore,  an  unbroken  vesicular 
chaauel.  In  ita  progress  onward  to  the  corpus  strtatnm,  the  anterior 
strand  yields  roots  ot"  tJie  spinal  accessor)-,  hypoglossal,  facial,  ahducena, 
the  stnall  root  of  the  fiftlu  tlie  troclUearis,  and  the  oculo-iiioLor  ncniis. 
If  there  were  no  other  proof  of  llic  motor  chaniittur  of  tliis  straml,  the 
motor  property'  of  all  thwe  nerves  would  he  sutlicient  to  determine  it. 
In  like  manner,  the  posterior  strand  yields  tlie  pnemnogastric,  the  ghjsso- 
pharyjigeal,  and  the  sensory  root  of  the  Hfth,  from  the  sensory  fujictions 
uf  which  its  sensory  character  is  established. 

The  layer  of  vesicular  matter  which  is  found  upon  the  cerebral  convo- 
lutions, and  whidi  is  doubtleiis  the  seat  of  ihu  higher  inlel-  ll«lition  oftbe 
Icctual  quaUtics,  has  lliorefure  no  communication  with  the  J'^'o7t]"  j^^i 
vesicular  matter  of  the  spinal  axis,  by  contact  or  eontimm-  "jilwrwi. 
lion,  but  only  tJirough  the  intervention  of  librcs  which  radiate  «pon  it  in 
all  directions  irom  the  thalamus  and  striatnin,  or  rather  through  some 
which  radiate  from  the  great  sensory  centre,  the  tlialamux,  to  the  periph- 
ery of  the  cerebrum,  and  othr-is  wUiiJi  converge  from  that  periphery  to 
the  great  motor  centre,  the  striatum.  If  the  diameter  of  those  Hhrcs  bo 
assumed  to  Ix!  ■^-gjf^;;  of  an  inch,  there  must  be  many  niUlioiiM  of  tliem 
in  the  abrogate.  The  vewicular  matter  of  llie  hemisphere  is  arranged 
en  the  superficies  instead  of  centrally,  on  account  of  the  necessities  of 
their  structure  and  condition  of  activity,  for  thereby  a  great  surface  is 
obtained,  which  is  further  increased  by  the  artifice  of  couvolutions,  a  ve- 
hicular surface  which,  counting  in  tliat  of  the  cerebellum,  has  been  esti- 
mated at  070  square  inches,  and  blood  cflji  l)c  copiously  supplied  and 
freely  removed. 

But  the  thalamus  and  striatum  aro  only  two  of  a  chain  of  ganglia  be- 
neath the  cerebral  hemispheres.  Anteriorly  wc  find  the  ol-  Gancli»»i  the 
factive  ganglia,  or  bulbs  of  tho  ohactorj*  nerves,  which  are  u««<!<>f  dw 
seated  upon  i»eduticlc8,  Ihongh  their  diaracter  is  manifest  from 
the  gray  matter  ihcy  contain.  HeJiind  these  arc  the  lulwroula  qnadri- 
gwnina,  to  which  the  optic  nerves  mnj  and  whidi  are  therefore  tlieir  gan- 
glionic centres.  \\Tiat  anawors  to  tlie  auditory  ganglion  is  lodged  at  a 
distance  back,  at  the  fourth  ventricle,  and  the  gustatory  gimglion  is  in 
the  medulla  oblongata.  These  arc  the  ganglia  of  special  sense,  and  to 
bo  regarded  as  subordinate  to  the  thalamus,  which  is  their  common 
register. 

All  these  parts  arc  commissured  with  one  another,  and  with  their  fd- 
lowa  of  the  op[)osite  lialf  of  the  brain.     Indeed,  so  likewise  are  all  its 
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Comndsmnaof  psrts,  the  difftrciit  ccri-bnU  lobes,  the  oppc^ite  bemtitpberf-f. 
*•*"*"■  adjacent  and  distant  convolutions,  the  cenzbrnm  witli  tbr 

cereboUuin.  Mcncc  arises  a  atnicturc  of  extreme  complexity.  Anoaf 
the  comniiitjiinrul  ap|tAratnii  may  ho  more  partictilarlj  mr-ntionftl  tlieow^ 
poa  calloflum,  the  fornix,  the  anterior,  the  posterior,  the  soft,  and 
peHor  longitudinal  commtssiircs. 

For  tl»u  sake  of  a  clear  conception  of  the  fltncture  of  tbc  bnun,  i 
A«|MeiaofUic  ^  i^  FcquiTed  lor  phyitiological  purposes,  Cbe  annexed i^v^j 
'™'**  acntations  of  its  superficial  aspects  arc  giTen.     These  m  ij 

preparation  for  the  diAgramnmtic  sketches  which  I'oIIoh',  and  wtncli ' 
falo  ns  to  understand  the  relation  and  ilcpendoiicc  of  the  more  proiaii 
parts.     It  need  scarcely  be  atlde<l  that  the  u^iies  and  fiinctiona  of  Dtirijj 
all  the  Bubordinate  j>ftrts  are  at  present  wholly  nnknown.     For  t&etin»! 
being,  they  are  therefore  objects  of  interest  to  tlic  anatomist  rather  I 
to  the  pbyaiolo^st. 

J'^iff.  154,  cjtiernal  lateral  face  of  the  right  half  of  the  brain:  !.«•' 
dulla  oblongata;  2,  pons  varolii:  3,  cereliclluni :  4,  pneumogaatric lo^ i 
nlu;  5,  (rontal  convolutions:  U,  parietal  convolutions ;  7,  occipital co^ 
volutions ;  8,  fissnrc  of  Sylviua ;  U,  9,  its  two  branches. 


J^tff,  155,  superior  aspctrt  of  the  brain  : 
1,1, anterior  lobes;  2, 2, posterior  lobes; 

3, 3,  gifjit  median  fissure ;  4,  4,  fissiirM  *»«*•'  mp«.  m*  t.«  ii«iB. 

of  Rolando ;  5,  5,  anterior  parietal  convolutions ;  6,  G,  posterior 
convolutions;  7,  7,  rudimentary- parietal  convolutions ;  8,  8,  frontal < 
volutions;  d,  9,  occipital  convolutions. 

J^!^.  M)ii,  internal  lateral  face  of  the  right  lialf  of  the  brain:    1.  h^^' 
of  medulla  oblongRta;  2,  half  of  pons  varolii;  1%  half  of  ems  cerebri :  -^ 
arbor  vitaj  of  csercbcllura ;  5,  aqueduct  of  Syh'ina :  6.  half  of  the  v»^'** 
ofVicusscns;  7,  two  of  the  tubcrcnla  quadrigemina;  8,  half  of  the  p"^*" 
eal  gland ;  9.  its  inferior  peduncle ;  10,  its  anterior  peduncle ;  1 1,  traO^ 
vcrac  iKJrtion  of  the  fissure  of  Richat;  12,  8ui>crior  face  of  the  optic  tnig* 
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^  )**  13.  ita  intemKl  &cc;  14,  coramm- 

'     '      *  sura  mollis;  15,  infundibtiluni;  IG, 

portion  of  [ntuitary  glaixl :  17,|)or- 
tioii  of  tuber  cincR'um;  IB.pii^iform 
tubercle;  19,  iocua  ppribralus:  20, 
oculo-motor  ner\'c :  21,  portion  of 
optic  nerve ;  22,  anterior  cerebral 
commissure:  23,  foramen  of  Mon- 
roe; 24,  fornix;  26,  septum  luct- 
dom ;  26,  corpus  callosum ;  27, 
Bpleuiuin  ;  28,  ^nn;  29.  sin  us  of 
tlie  corpus  coUosum ;  iW,  g^Tus 
fornicataa ;  31,  internal  oonvoln- 
^on  of  the  anterior  lolie;  32,  deep  anfractunsity;  38«  convolution  of  poa- 
lerior  lobo ;  34,  anfractuosity. 

Fig.  157,  base  of  the  brain,  pliotiv 
graphcd  from  n  wax  caat :  1,  1,  anteri- 
or lobes;  2^2,  middle  lobes;  3, 3,  pos- 
terior lobes;  4,  anterior  portion  of  great 
uediati  lisssure;  Cits  pusterior  portion; 
6,  6,  fissures  of  Sylvius;  7,  7,  antero- 
posterior portions  of  ilie  great  fissure 
of  liicbat ;  8,  tuber  einercum ;  i),  U, 
corpora  albicantia;  10,  lorus  pcrforatns 
"_;,'  incdius;  1 1, 11,  crura  cerebri;  12,  pons 
varolii;  13,  medulla  oblongata;  14, 
14,  anterior  pyramids;  15, 15,  olivary 
bodies;  1(),  10,  restifomi  bodies;  17, 
17,  latenJ  lobes  of  the  cerebeUum ;  18, 
BManMhcbniii.  ]iort ii>n  of  its   middle   lobe;    19.  19, 

two  eniall  antero-postcrior  convulutii>ns  of  ihe  froutal  lube,  wpamied  by 
the  groove  of  the  olfactory  nerve;  20.  oblicpie  convolutiun,  limiting  the 
tissore  of  Sylvius  ;  21,  wnvntution  of  the  great  cen-bml  fissure  ;  22,  ol- 
fecttfy  nerve ;  23,  its  bulb ;  24,  24,  0])tie  nerves  and  their  chiasm ;  25, 
25,  ocuJo-motor  nerves ;  26,  20,  pathetic! ;  27,  27,  great  and  small  roots 
of  the  trifacial;  28,28,  external  oculo-motor  nerves;  29,29,  fadal  nerves; 
30,  30,  auditory;  31,  31,  glosijO-pbur^iigeal ;  32,  32,  pncumogastric 
nerves;  ^i.^,  33,  spinal  accessory;  34,  34,  great  hy|K>glos8al.  In  this 
<:ii(^av)ng  scleral  of  the  symmetrical  numbers  ure  not  repeated,  for  tlio 
sake  of  clearness. 

FtQ.  158  is  an  analytical  diagram  of  llie  bruin  in  a  vertical  section 
(from  Mayo).  It  sen-cs  to  impress  on  the  mind  tin'  fon'going  sintnun'  of 
structural  descriptions,     s.  Spinal  cord  preparing  for  bifurca-  ***  '"•'"■ 
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tion ;  n  rcBtifbrm  botlies  passing  to  c,  the  ccrcbellnm ;  d,  corpus  denta- 
tum  of  the  cercbf-ltum  ;  o,  intercalntton  of  the  olivary  body;  /",  cplumns 
continuous  witK  the  olivary  ImxHob  and  cpntnd  part  of  the  medulla  o\>- 
longata.  and  aacending  to  the  tnbercula  qiiadrigemiTia  and  optic  thnlami : 
/),  anterior  pyramids:  v,  pons  varolii;  n,  6,  tubercula  quadrigemina; 
y,  geniculate  body  of  tlic  optic  thalamus ;  t,  processus  cerebelli  ad  testes: 
a.  anterior  lobe  of  the  brain ;  tj,  pwterior  Lobe  of  the  brain. 

J'^iff.  159,  the  motor  tract  (from  Sir  C.  Hell).  A,  A,  fibrca  of  thn  hem- 
isphcrea  convcrj^ing  to  form  tho  anterior  portion  of  the  cnis  cerebri;  B, 
the  same  tract  when  passing  the  cms  cerebri ;  C,  tlie  right  pyramidal 
body,  a  little  above  the  point  of  decussation ;  D,  the  remaining  part  of 
the  pons  varolii,  a  portion  having  bccJi  dissected  off  to  expose  R  I. 
olfactory  nerve  in  outline:  2,  nninn  of  optic  nerves;  .1,  3,  motor  ocnlt; 
4, 4,  patlieticus ;  5,  5,  trigeminus ;  <>,  G,  its  muscular  diviaion ;  7, 7,  ita 
sensory  root ;  8,  origin  of  sensory  root  from  the  posterior  part  of  the  me- 
dulla oblongata ;  9,  abducens  oculi i  10,  auditory  nerve;  11.  facial  nerve; 
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12,  eighth  pair:  13.  hypoglossal;  14,  epinal  nerves;  15,  spinal  accos- 
eory  oi"  right  siile,  separated  from  par  vagutii  and  glosBopharj-iigeal. 

I^iff.  160  (on  the  foHowiiig  page),  the  sensory  tract  (Iroiii  .Sir<'.  Hell). 
A,  pons  varolii;  B,  B,  sensory  tract  separated;  C,  union  of  posterior 
columns ;  D,  I),  posterior  roots  of  spinal  nerves ;  K,  sensory  roots  of  the 
fifth  pair. 

The  ganglia  at  the  base  of  tlio  braiu  are  regarded  by  Dr.  Carpenter  a« 

conftitiitinK  the  true  t>en3orimn,  a  doctrine  winch  he  has  es-  ^^ 

,,.,,,"  .  ,  1      1  ■  1    ■     I     I       The  MBMrimn. 

tablishcu  by  many  weighty  arguments,  and  which  is  doubt- 
less one  of  the  most  important  thus  far  introdaeed  by  any  physiologist. 
Tlie  idea  here  intended  to  lie  conveyed  is,  that  tlw  llialami,  striata, 
isoiy  ganglia,  and  nervoti;*  arrangements  below,  constitute  nn  isolated 
ratus;  distinct  trom  which,  and  superadded,  arc  the  cerebral  hom- 
ispborcfl. 

From  observatloutf  on  the  animal  series,  the  couglusion  seems  to  be  nn- 
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avoidaWe  tliat  thn  chain  of  ganglia  now  under  consideration  must  con- 
stitute a  sensorimii,  llip  cnniripotal  fibres  coinmiinicating  their  impression 
Mini  motion  ensuing,  the  impreasiona  being  atlciulcid  with  conscionsness. 
Thia  view  is  moreover  substantiated  by  olwcrvationa  made  after  excision 
of  the  cerebrum,  a  certain  degree  of  consciousnesa  reniaJniiijr,  not  unlike 
that  exhibited  by  a  man  who  is  half  asleep.  This  condition  of  things  ta 
naturally  presented  in  the  amphioxus. 

But  after  the  cercbra]  hemisj^lii^rci}  arc  added,  an  impression  ree^ved 
Fffecurfiii**.!-  ^^i"*"  't'U  IbalanniH,  whctlier  it  has  come  in  (lirougli  the  sen- 
iHiioii  of  ttio  sory  ganglia,  or  any  other  seosury  part  of  the  craiiio-spinal 
icre  rum.  ^^j^^  j^  transmitted  to  the  convolutions  along  the  radiating 
fibreB.  tVom  the  convrvlnttons,  the  influence  which  is  to  produce  mo- 
tion diCBccnds  along  the  convet^ing  fibres  to  the  striatum,  thence  along 
the  inferior  layers  of  the  cms,  through  the  racsocejdialoii  1o  the  anterior 
p^Tflmids,  and  by  their  decussation  to  the  opposite  side  of  the  cord. 

Such  is  the  view  which  Ih.  Carpenter  presents  of  the  functions  of  the 
sensory  ganglia  and  spinal  asia ;  or,  employing  the  terms  we  have  pre- 
viously defined,  the  cord  alone  ia  a  longitudinal  seiies  of  automatic  arcst 
on  the  addition  of  the  thalamus  and  striatum,  it  l)ecome8  a  compound 
registering  are.  (he  en-rfbral  hemispheres  finally  annexed  to  it  constitut- 
ing an  influential  arc. 

In  a  simple  are,  an  imprcsjtion  is  at  once  converted  into  motion,  and 
leaves  behind  it  no  traces ;  its  expenditure  is  instantaneous  and  complete. 
In  a  n^atcring  arc,  a  part  of  tlie  impression  is  stored  up  or  rcimuna — 
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Tk^y-  even  the  whole  of  it  niay  be  so  received  and  retained.  It  is  not  to 
be  overlooked  that,  as  soon  as  thin  effect  occurs,  the  evidences  of  Beiisation 
ATiAe ;  and,  eince  Bcnaation  nccesHarily  implies  t}ic  existence  of  uhjjt, 
Icietts  tlicmselvea  are  doubtless  dependent  on  this  partial  retention  or  reg- 
istry of  impressions.  We  may  therefore  adopt  tlie  doctrine  of  Pr.  Car- 
penter, »9  regards  the  sensorial  functions  uf  the  cranio-spinal  ap|jarutus, 
BOt  only  Irom  the  ai^unienls  he  has  presented,  but  also  from  other  oon- 
udcrvliona. 

There  can  be  no  doubt  tliat  tlie  cerebral  hemiapheres  constitute  the  in- 
straracnt  througli  which  the  muid  everts  its  influences  on  ttie  GnwnU  rcnii 
body.     Anv  injnrv  of  sufficient  severity  inflicted  upon  them  «>f  ■<^«ri«u«n» 

'  1  'i       -  1  >   I  \.  -        1,  ■  ill  I  be  klMud 

Ui    a.t  once  attondeil  wtlli  a  total  loss  of  intellectual  power;  wdphioTibc 

wnjr  malformation  or  lesion  by  disease  is  attended  by  a  dete-  •'««"*?''"«■ 

Tioration  below  the  customary  mental  standard;  any  uaufUal  develop- 

-tnent  witli  corrcspoudiugly  increased  powers  of  intellection ;  and  this  not 

Eknly  as  legards  animals  of  different  IribL-s.  ur  individuals  at  special  peri- 

CNia  of  their  lives,  but  also  of  different  men  when  compared  with  one  an- 

C>tltrr.     The  general  impression  is  founded  in  fact  that  those  who  have 

^liatinguislial  thcmsclvp.>»  for  mental  attainments  or  intcllectnal  power 

^Tc  been  marked  by  the  unusual  development  of  tlicir  ccrcbr&l  h«mi- 

It  is  to  be  understood  that,  in  thus  asserting  a  correspondence  between 
tfce  dex'clopracnt  of  the  cerebrum  and  inlelleclual  capability,  |n«nim«»tJ 
*o  are  not  to  overlook  the  instrumental  nature  of  that  organ,  oatun  oT  cm- 
Though  imperfections  in  it  may  proihif_-e  a  manifesl  inferior-  ""'"' 
rty,  that  inferiority  is  by  no  means  to  be  referred  to  the  intellectual  prin- 
^^n^  itself.  The  mode  of  action  being  by  an  instrument,  if  that  instru- 
■1*111  becomes  impertect  the  action  l^ecomcs  imperfect  too-  Under  such 
<>itamstance.s  in  any  human  contrivance,  we  should  never  think  of  im- 
puting inferiority  to  tlic  ])rinie  mover. 

from  tliis  point  of  view  we  may  therefore  consider  the  intellecttial  priii- 
<3pje  as  posscAsing  powers,  properties,  and  faculties  of  its  own ;  as  being 
•Wed  on  by  impressiona  existing  iu  ihc  thalamus,  and  delivered  through 
*he  intervening  Hhroas  structures  to  the  vesicular  material  of  the  convolu- 
tions of  tli«  cerebral  hemispheres.  In  this  region  they  act  upon  the  in- 
'dlectnal  principle  and  are  acted  upon  by  it,  the  retundng  influence,  if 
■fty,  coming  down  through  the  converging  tubular  structures  to  the  cor- 
poa  Btriatnm,  and  by  its  commissural  connections  sent  oft*  to  particular 
guiglia,  passing  along  the  inferior  strand  of  the  cms  through  the  nicao- 
(cphnlon  to  the  anterior  pyramids,  and  by  their  decussation  to  the  ojipo- 
•ihr  side  of  the  cord- 

Wiving  thus  Bjwkcn  of  the  sensory  ganglia  and  the  cerebral  honf- 
't^A,  it  remains  to  add  some  i-cmarks  respecting  the  cerebellum.     It 
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Tic  cerebeU  arisoji^  H9  hos  lioen  stated,  fi-oin  the  triple  Blranil  of  tlw  cms 
iw-  ccrcbcili,  of  whicli  one  layej:  of  lilires  ia  connected  willi  the 

corpora  quadrigrmina,  and  through  them  with  the  optic  tholami;  a  sec- 
ond with  the  rcstiform  hodies ;  and  the  third  is  commuutnral,  and  passes 
forward  as  tbo  pons  varolii. 

l^ke  the  cerebrutit,  this  organ  is  vesicular  on  its  surface,  which  pre- 
sents a  number  of  parallel  linei*,  which  are  ttssure^  deijcoiding  to  the  in- 
terior. Tlieir  objeiU  is  apparently  the  same  as  that  of  the  eonvolutioug 
of  the  brain,  tlie  augniciitaiion  of  Burfanc.  Of  the^e  iiaBiircs,  the  docp 
arc  termed  the  primary :  they  divide  the  organ  into  lobes.  Those  which 
descend  to  a  less  depth  are  termed  secondary :  the  divisions  they  give 
rise  to  are  lobules.  The  gray  vesicuhir  material  does  not,  however,  de- 
scend to  the  bottom  of  tiie  primary  fissures,  iind  in  this  respect  they  dif- 
fer from  the  cerebral  convolutions.  Sloreover,  from  this  ciratmstance, 
that  material  is  not  eoutiimoutt  all  over  the  cerebellum,  but  is  in  divided 
portions. 

Sucli  arc  the  appearances  presented  on  an  exterior  examinotion  of 
Sttuetiiro  *r  l^ic  cercbeJlum.  \'icwed  as  a  dcvclo]>mcnt  upon  tJie  cmiB 
ihocereWium.  corclwlli,  it  may  bo  deacribed  aa  eonnisting  of  a  median  lobe 
and  two  hemispheres  ;  the  former  is,  however,  found  existing  alone  in  fish- 
es and  reptiles,  the  latter  being  subacftnently  added  in  the  higher  tribes. 
From  tlie  centra]  column  of  each  tieiniaphcre  white  fibrous  planes  are 
given  off,  and  from  these,  again,  secondary,  and  again,  tertiary  planes 
proceed.  Tlie  planes  are  covered  wilh  venii^ulor  nialler.  and  thu«  j;ive 
rise  to  the  appcanmcc  spoken  of  in  the  preceding  paragraph,  in  the  exte- 
rior examination  of  the  cenibcllum,  as  priniaiy  and  apcondary  fissures. 
They  are  lined  witli  pia  mater.  The  median  lobe  U  formed  on  the  same 
plan.  Its  fibrous  stem  comes  from  the  processus  cerebelli  ad  tcsloa,  or, 
more  prop^fly,  from  the  optic  thalamus.  The  weight  of  the  cerebellam, 
comparcdwilli  that  of  the  ecrebnim,  is  nsually  stated  as  being  about  1  to  8. 

Much  diversity  of  opinion  prcvnils  resi>cctiiig  the  true  function  of  the 
cerebellum,  some  supposing  that  it  is  the  centre  of  common  sensation, 
others  tliat  it  is  for  the  purpose  of  co-ordinating  niuseulai-  movement, 
and  others  that  it  is  tlie  seat  of  sexual  instinct. 

That  the  eercbeilum  is  one  of  the  aensnry  gimglia  may  be  inferred  from 
Fnnciion  of  the  "-''C  history  of  its  development  and  its  anatomical  connec- 
•jcrtbclliim.  tions.  Its  median  lobe  is  the  first  to  appear,  as  in  lisbes, 
*nd  the  liemispheres  arise  subsequently  as  appendages  tliereto,  as  in 
hirda.  The  size  which  those  eventually  attain  gives  them  a  deceptive 
prominence,  and  hides  their  subordinate  character.  Regarding  the  lobe, 
tbercfore,  as  the  essential  and  fiindameutjil  portion  of  the  structure,  tlie 
signiticaiice  of  its  cerebral  connection  with  the  thalamus  through  tlic  pro- 
-ccfisua  ad  t4:6tva  is  too  obvious  to  be  overlooked.     As  by  tliis  its  setiso- 
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ry  diameter  la  diflpUyed,  so  the  Kanic  IioUh  good  for  tho  hcmisphereH. 
tiicir  rdatiODB  witli  the  spinal  cord  tlin^ugli  Mie  restiform  iHjdics  being 

I  also  of  a  sensory  nature.  It  seems  probabte  that  the  Buporticial  vesicu- 
lar material  is  in  onHtomical  connection  with  the  tlialamns,  and  the  cor- 
pus denlatum  or  inner  ganglia  with  the  posterior  or  sensory  cohimns  o{ 
the  cord. 

The  arguments  which  have  teen  brought  forward  by  those  who  sop- 
pose  the  cerebellum  to  have  for  its  office  the  co-ordination  of  The  docirfnf 
general  muscular  movement,  may  he  briefly  quoted  lis  fol-  ,'f,"',"n,^^^^i 
Iowa :  There  appears  to  be  a  general  correspondence  between  mwha. 
its  size  and  the  degree  of  CJieigy  and  com]>Iieation  of  iho  motor  powers 
in  various  aniinalH.  Thus,  in  lishcs,  and  MkewiKC  in  binls.  tho.ie  tribes 
which  escel  in  their  powers  of  motion,  or  are  distinguished  by  the  com- 
plication of  their  movemonts,  are  characterized  by  tlie  manner  in  which 
this  organ  i«  drveloi>od  :  and  the  same  may  be  said  even  of  the  mamma- 
lia, ^uAdru^ieds  who»c  locomotive  mechanism  is  simple  possessing  it  in 

.»  lower  stale  of  development  than  those  which  either  temporarily  or 
conataully  move  on  the  poeterior  fxircuiitics.  Among  aj>e8,  those  which 
more  frequently  assume  the  erect  posture,  which  is  normal  to  manT  have 
their  cerclieiluin  of  a  size  more  closely  approaching  to  his. 

On  examining  such  facts,  it  appears  that  it  is  not  so  much  muscular 
power  AS  the  quality  of  co-ordinating  and  governing  minute  muscular 
motions.  To  maintain  the  standing  position  motionless,  there  are,  in  re- 
ali^i  a  great  many  muscular  movements  required,  which  serve  to  luilag- 
onize  all  the  little  incidents  producing  a  tendency  to  fall :  and  if  this  be 
so  in  standing,  how  much  more  ditHcult  must  such  nnlagouizing  and 
compensating  actions  U'coino  in  walking,  running,  and  such  movements. 
Thcoretieallv.  it  might  be  exp<'eted  that  some  special  organ  is  nw^asary 
to  combine  such  various  actions,  and  that  organ  seems  to  be  the  oece- 
bellum. 

In  confirmation  of  tJiis  are  the  experimental  resnlts  which  have  been 
obtained*      The  ceiebellnni,  on  itritation,  gives  rise  to  no  Buiuin  of  »- 

,  ooDTolsive  motions,  nor  to  sensations.  If  removed  by  de-  {^^^^1^ 
in  successive  slices,  the  motions  of  the  animal  become  '■«>•, 
liar,  and)  finally,  it  loses  all  {Mtwej  of  walking  or  of  maintaining  its 
equililjrium.  Though  the  jiowith  of  the  aninial  in  bringing  Its  nmsclea 
into  contraction  seem  not  to  liave  sutlered,  it  can  not  co-onlitinte  or  com- 
bine the  necessary  muscular  exertions,  and,  as  is  graphically  stated,  stag- 
gers and  fftlfs  over  like  a  drunken  man,  still  making  eftbrts  to  maintain 
it»  balance.  *Such  ex|jerime[it3  have  U*cn  repeatedly  made  in  the  case  of 
different  animuU,  and  with  tlie  same  results. 

Connected  with  these  results  of  experimental  lesions  of  the  cercl)ellum 
are  the  rotations,  as  tliey  are  termed,  which  occur,  lor  example,  when  one 
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RAUTTHuiiiaoa  of  the  crnra  wrelwlli  ia  rut,  ihr  aniiiuJ  rolling  uijon  itsW 
orMimala.  gituduial  axis  for  a  long  time  and  with  great  rapiditr. 
From  8ucli  facts,  it  hnn  therefore  1)cen  concluded  thst  the  function  oftk 
corebellujD  is  neither  for  senKation  nor  intellection,  nor  is  it  the  soonrof 
volnnlary  movemente,  but  tliat  it  is  for  the  govemtneni  or  cooirol  of 
conibinpd  mufcuhur  action.     Thia  is  the  view  of  M.  l*'Ioarcnfi. 

M.  FoviUe  8Up])0»cs  that  the  cerebellum  is  for  the  perception  of  Ik 
Dortrinrtiiat    sensatioHS  doTivird  from  the  muflclcs,  and  enabling  the  ntiad 
cwivWUam  t<    to  cxcrt  ft  giiiding  action.     The  facts  which  support  thepK- 
tten  or  miuaif  Ceding  view  support  this  also,  then?  being,  moreorer,  in  tbii 
lu- MDtailiorii.    cj,g^^  a„    additional  ailment  derived  from  tlio  coniKCtioil 
which  the  cerebellum  has  Wen  shown  to  maintain  with  the  sensoiy  oo'' 
tunns  of  the  cord,  and  the  pain  expeiienced  on  itritatiiig  the  resUfo«>» 
<y)lunin5.     It  lia?  likewise  beon  pointi-d  out  that  lliis  li,>'polhcst8  illoi- 
tmtca  the  connection  between  tlit*  ceTclM:Uum  and  the  optic  gnngUa,  os  » 
it  were  for  the  purpose  of  brining  the  organs  of  sight  to  the  aid  of  thi*1 
co-or<ltnation  of  mnscular  motion. 

A  third  hypothcRi?,  to  wbicli  allusion  has  be«n  made,  is,  that  the 
Doctrinathst    ^^""'  '*  ^^^  O'^'i  of  sexual  instinct,  or  of  amativenes»4  •• 
it  iaibBoncan  it  is  termed  by  phrcnol" 'gists.     The  evJdenoo  of  this,  w^*^*^ 
afnnaUvcii««.  f^^j^y  examined,  i«,  however,  very  far  from  affording  a  f^*^ 
proof;  indeed,  iu  many  instmices  the  fiicts  arc  in  direct  op|>o!iitton 
ilic  doolrinc.     In  eaatraled  animnls  the  cnrclielinm  undergoo«t  no  dir"'' 
nulion.     Them  is  no  coino-i<icncc  betweou  the  intensity  of  that  instil"'"' 
"in  the  different  animal  tribes  and  the  degree  of  development  of  this  o^ 
g«n :  and  where  it  has  been  in  n  diseased  condition,  there  has  not  l>ee>*  * 
necessary  corrcsjwndenoe  betweicn  the  lesion  and  the  loss  of  the  in8tii«*2l 

This  view  of  the  function  of  the  cerebellum  is  connected  with  the  d< 
trine  of  special  localization,  or  phrenology,  which  may  therefore  be  h^ 
briefly  considered ;  tlic  general  cxprcHsion  of  this  doctrine  Wing  that  p^*'" 
tirular  regions  of  the  brain  arc  devoted  to  special  functto*^^ 


and  that  by  an  ina|)ection  of  the  exterior  of  the  cranium  mc^^**' 


niiu  iiiui  vy  iiu  iii!i|H;Luiuii  ui  mr  cxicnor  oi  me  cninium  n 

Tol  peculiarities  may  bo  detected.  Ihrs.  Gall  and  Spurxlioim  con»ider"^Bi 
that  this  view  is  supported  by  the  fact  that  the  8j>eciaUj!ation  of  functi  -^^B 
in  the  brain  is  agreeable  to  the  general  mechanism  of  llie  syscem.  ** 
which  {Ktrticular  organs  are  charged  with  particular  duties :  that,  in  a:^**5 
individual,  the  mental  po^vers  arc  not  equally  or  projxjrt tonally  develope-i-^  _ 
but  some  at  one  and  some  at  another  period  of  life,  and  so  likewise  of  thi 
decline,  some  remaining  at  their  original  strength,  while  others  may 
ArsunMiiia  in  become  seriously  impaired.  It  does  not  appear  how  gu-'- 
rtl^'^u^tf  f^*^  ^^'  ^'  exjilaincd  npon  the  hypothesis  that  the  whc 
funrtlonv  brain  acts  n.«  a  unit.      They  may  be  readily  understood  H 

be  supposed  to  act  by  parts  which  are  developed  in  succession. 
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some  conclusion  is  arrived  at  from  well-known  focts  connected  with  in- 
Mnitj,  in  which  it  very  frequently  hnppcna  that  some  of  the  facullicw 
nlone  are  deranged,  while  the  olhr-rs  retain  their  power,  and  some  may 
erea  become  more  perfect  tlian  before ;  »o,  likewise,  in  dreaming,  some 
of  the  foculties  retain  their  activity,  while  olhera  liavc  become  loqiid : 
and  so,  Ukcwiae,  when  ditTerent  individuidft  are  compared,  some  exhibit  a 
superiority  in  one,  and  some  in  another  mental  particular ;  and  it  is  a»- 
wrted  that  where  the  «ame  peculiarity  has  predominated  in  difFercnt  in- 
difiduaU,  it  has  alwaya  been  attended  by  an  unusual  development  of  a 
ipecial  locality  of  the  brain.  Nor  is  there,  in  these  views,  any  thing  ihot 
stands  in  contradiction  to  the  general  plan  upon  which  the  nervous  sys- 
tem itself  i»  constituted,  as  in  manifested  by  the  diHcrent  sensory  gan- 
^ia  for  virion,  hearing,  or  smell,  or  the  arrangement  for  motion  or  aen^- 
cion  presented  by  the  »pinal  cord ;  and,  uioreover,  they  are  sup|»)rted  bv 
the  comiMirative  anatomy  of  this  isyHtem  ;  fur,  whatever  grade  of  animal 
lifi:  we  may  consider,  the  appearance  of  a  new  function  or  of  a  new  in- 
stt&ct  is  certain  to  be  connected  with  a  new  and  contemporaneous  dcvcl- 
o|nnent  of  some  part  of  the  nervous  system. 

The  facts  which  have  been  observed  in  cases  where  one  cerebral  hem- 
^ficru  has  either  suffered  lesions  or  lost  its  funutions.  do  not  present 
*ny  con  1  radio tion  to  the  preceding  dnctrines;  for,  though  the  remaining 
Hemi**pherc  may  seem  to  act  r<nmlly  well  alone,  as  did  both  togetltcr,  we 
**«  vcrj*  apt  to  deceive  ourselves  as  regards  tlie  actual  facts,  a  statement 
*iuch  may  be  illustrated  by  recollecting  how  easily  wc  persuade  our- 
*elv«s  tliat  we  see  with  one  eye  as  well  as  with  Ir.o.  No  doubt,  iu  many 
^f  the  ordinary  cases),  one  hemisphere  of  the  brain  may,  like  one  eye,  seem 
to  act  well  enougli,  but  a  more  critical  examination  jtroves  that  in  other 
'^Moa  tliiB  in  far  from  being  true.  That  the  two  hemisplu^res  act  Bever- 
ly mnd  separately  is  clear  from  what  sometimes  ensues  in  diseased  oon- 
•iHions  of  one  of  them,  or  when,  ]>ertiap8,  there  is  a  want  of  Byminetrk' 
"ctween  them,  those  remarkable  form;*  of  mental  derangement,  some- 
*i&ieB  known  under  the  dcdignation  of  double  life  or  duiUity  of  mind, 
then  ensuing. 

In  roan,  the  weight  of  the  brain  averages  about  fifty  ounces ;  in  f&- 
■^kales,  about  fnrty-tive;  the  niaxinmmljcing  about  sixty-four,  wrigiiiofik* 
•nd  the  minimum  alwnt  twenty ;  in  the  iiase  of  idiots,  the  '*™''»- 
•*»e»n  specific  gravity  of  the  gray  matter  is  slated  by  Dr.  Sankey  to  be, 
*»»  both  sexes,  1.034,  but  wmewhat  leas  early  and  late  in  life.  The 
»p©cific  gravity  of  the  white  is  1.041,  and  this  varies  less  with  sex  and 
timt>  of  life  than  the  former. 

Tlw  functional  activity  of  the  brain  depends  on  the  copious  supply  of 
*rtcrial  Idood.  It  is  computed  that  one  fifth  of  the  whole  quantity  in 
Utc  circulation  is  sent  to  this  organ.      It  is  delivered  through  the  two 


326 


FRESaUKE   ON   TU£    JIBAIK. 


,  f  iiiti'nial  carotid  and  two  vertebral  arteiie».  The  impptus  rf 
blood 'to  the  the  currt'iit  i»  clu'cked  by  the  sinuous  course  these  a-unJi 
*"**"•  take,  or  by  their  Im^king  pmniptly  into  cdpillaiy  brsDcbft 

A  ftwdom  of  anastomofliH  mnong  thcni,  as  is  well  displayed  in  tbeatdf 
of  Willis,  aftorda  abundant  provision  for  ju»:idvnlal  stO[ipagti8  or  »• 
straints. 

Although  the  brain  U  incloiwd  in  an  unyielding  (»\'itT,  it  ia  Bobjed  te 
,    .       tlio  pressure  of  the  air,  a  fact  which,  thouffh  U  ha»  be«  6f- 

Aimf«pl»nc  »  1.1.  ,.11  ,  I'l 

piMwreouiha  nictt  by  some  pbyaiologiste,  follows  firoin  ordinary  jujimI 
'*™"'"  principles.      And  uiiice  the  quantity  of  blood  present  at  m 

moment  in  the  or^an  varies  with  tlte  conteniporanuoua  fuDctional  actir- 
ity,  being  grailer  oa  tluit  activity  is  greater,  the  cerebrD-«{nniil  fluid  abo 
varies  in  ainount.  Thmiigh  this  fluid  an  equality  of  pressure  is  tbtf** 
fore  insured,  no  malUT  wliat  may  Iw  thn  quantity  of  bluod  in  tbebnia. 

The  cerebro-spinal  fluid,  tho  quantity  of  which  hafl  hrcn  crtitnitolri 
c«i«bnwminDl  two  onnc'cs,  is  readily  absorbeil  and  as  readily  rcpiodiKti. 
fliiW.  fpiiy  J^^^  of  Hiljustiiient  Iwtween  it  and  the  bIo.>fl  re<]uiril>g  > 

certain  period  for  its  completion,  the  brain  can  not  iimtantancowl^f  b^ 
brought  to  its  maxinjum  action.      Thus,  as  all  pen<ons  obeerre,  wbei»**J 
onderLake  any  luiuanal  intellectual  duty,  there  is  a  certain  preparator 
period  to  bo  {lussed  tlirougli^  as  the  common  expression  is,  "for  oompof''''^ 
ing  the  thoughts." 

Pressure  upon  the  brain,  cither  applied  mechanically  or  tlirough  aoci- 
Eifcct  ofmt-  dental  effusions,  produces  at  once  funetional  inactivity,  prob- 
uh«iiiMi  fitvM  ably  by  intrrfp-rence  with  the  due  circulation  of  tlte  Uood; 
ohaniT"*  Id  the  and,  in  like  manner,  any  marked  change  in  the  chemical  re- 
biwiU  lations  of  that  fluid  exerts  on  tho  brain  a  corroapoadiiig  ef- 

fect. Thus,  when  oxygen  gas  is  brtratlicd,  or,  still  bettiT,  protoxide  of 
nitrogen,  wliieh  is  more  soluble  in  the  blood,  the  processes  of  intcllectioqH 
go  on  in  an  exaggerated  way,  and  ideas  in  rapid  succession,  and  in  unu-fl 
sual  fomut  of  comliination,  tlit  through  tho  mind ;  but,  at*  the  conaeqncnoc 
of  tliia,  miic!C  the  lungs  can  not  remove  with  the  noccssnry  promptnoia 
the  carlxjnic  acid  which  is  arising,  the  narcotic  effects  of  tlmt  body  air 
soon  experienced;  and  this  is  also  the  case  in  alcoholic  intoxioaliou,  tn 
the  advanced  atagcs  of  which  the  accumulation  of  carbonic  acid  in  the 
blond  gives  rise  to  tlie  same  rcHult. 

That  different  regions  of  the  brain  have  independent  though  mutually 
Kfftet  nf  iixB   connnissured  faculties,  is  fully  established  by  the  phenomena 
doooAhT*'   ol^'i^  nerves  of  sense,  nor  can  there  be  any  doubt  that  theacM 
hraln.  differences  of  physiological  function  are  directly  dependejit  oi^ 

differences  of  anatomiciil  stnictim;.  It  is,  indeed,  to  structural  difierences 
that  we  should  impute  the  greater  or  less  efficiency  of  the  whole  organ, 
as  much  as  to  differences  of  its  weight     Because  of  a  bigber  elaljoniiioc 
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the  brain  of  one  person  may  he  niorp  cnnrgctic  than  that  of  anotliPr,  even 
though  ill*  weiglit  may  be  leas.  It  is  not  to  he  licnied,  however,  Ihiit  thero 
[■ia  a  connection  between  mental  power  and  the  quantity  of  cereln^  matter. 
when,  individualB  of  tlic  same  kind  arc  compared,  or  that  in  the  animal 
acricit  the  psycliical  powers  dechiie  as  the  cerebrum  diminishes  in  eize. 

Few  topicB  aro  more  worthy  of  the  attention  of  the  phygiologiHt  tlian 
that  of  the  variable  pnyehiual  powem  of  man,  and  yet  fcw  have  .    ^   .  ^^. 
been  mono  overlooked.     By  ^'ariablc  peycbical  powers  I  mean  i».vciiic»l 
those  jicriodicities  of  increase  and  diminution  in  oor  intellect-  l""""- 
ual  efficiency,  which  may  be  noticed  not  only  in  diseased,  but  al^o  in 
hvahliy  states.     On  tlie  principle*  wc  have  presented,  theae  find  tlieir 
exphuiation  in  the  temporary  physical  states  of  the  organ,  such  as  it» 
condition  of  repair,  its  existing  lautlity  for  oxidation,  and  the  constitution 
of  the  blood  as  respects  a  proper  artcriaUzation. 

The  moat  striking  structural  characteristic  of  the  ncr^'ous  system  is  its 
s)inmotrical  doublcncss,  the  cranial  and  spinal  nerves  com-  Syminetric*! 
ing  forth  by  pairs  to  their  distribution  on  the.  riglit  and  left  ^^'^l^'^^ 
aides  of  tlic  body.     Tho  manner  of  development  from  the  tem. 
spinal  axis  laterally  implies  such  a  construction,  and,  indeed,  gives  ori- 
gin to  two  halves  so  equal  and  alike  that  it  has  often  been  said  cac& 
iM^rson  consists  of  two  separate  individuals.      Kxaniining  those  orgaoa 
which,  by  reason  of  the  claborateneeis  of  their  meclmnism  and  principles 
of  action,  enable  us  to  determine  with  r^atisfactory  prceisiou  p„„p,(o„or 
the  function  discliar^^d  by  each  otic  of  the  mendxsrs  of  tlto  cacii  UtenI 
pair,  as  in  the  case  of  tlie  eye  or  the  ear,  we  may  come  to  the  '*'^"' 
following  concluaious:  Kach  is  a.  distinct  organ  in  itself,  capable  of  its 
meeting  the  rcqnircnuMits  of  the  economy  in  a  sufficiently  satisfactory 
manner,  and  therefore  forms  a  distinct  whole ;  but  the  pair  can  likewise 
act  simultaneously,  re-enforcing,  to  a  certain  decree,  each  oth-  „    , ,   , 
era  power,  though  in  this  douuie  action  there  by  no  means  doabk mvuii 
arises  a  double  ijitensity  of  effect.     The  closure  of  one  ear  ^J^  '^\^^ 
to  a  sound  docs  not  diminish  tho  loudness  by  one  Iialf.  nor  cnucibvir 
does  the  shutting  of  one  eye  reduce  to  one  half  the  brighl-  ^^      **"' 
ness  of  a  light ;  but,  tliuugh  there  is  not  such  a  doubling  of  effect  when 
both  cyca  or  both  ears  are  employed,  there  is  a  degree  of  precision  in  the 
resulting  indication  which  is  not  to  be  gained  by  the  use  of  one  of  these 
.organs  alone.     In  such  a  double  organ,  then,  the  reenit  is  not  so  much 
&  heightening  of  the  iinal  impression  as  the  giving  to  it  of  a  greater  do- 
groc  of  precision. 

Moreover,  each  organ  seems  to  exert  a  compensating  influence  over  its 
fellow  in  any  deBciencies  or  imperfections  it  may  possess.  Comvi-iooKon 
Thus  it  is  rare  that  both  eyes  are  of  an  equal  optical  good-  "'"  ^"f"'''*- 
Mae,  as  most  individuals  will  find  on  making  a  personal  exaniination; 
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Imt  ui  vision  with  both  cy«ii  the  faults  of  the  more  imperfect  ens 
nici^gcd  in  the  iadictitions  of  the  liettcr,  and  the  aamc  might  be  remirit' 
cd  of  tlic  ojir;  from  which  it  would  appear  that  this  doubleoess  of 
ganA  is  rather  for  tiic  purpo»c  of  introducing  a  principle  of  oompensilini 
than  one  of  conspiring  action,  the  object  intended  lo  be  gained  being 
jnstneAfi  of  prrccption  rattier  than  an  increase  of  effect. 

These  ohMr\"ations  apply  to  double  organs  in  their  nomial  states,  v, 
£flk(t  ■fiem-  if  not  their  nonnol.  their  habitual  ones;  but  if  to  theEJNb 
porarj-disiiirtK  ^^^  e-xaoiple,  a  lemporarv  diatnrbancc  is  eivcn,  aa  by  pfflfr 

Min  of  Dim  or-  ,      ,  •  •  '   ■      i  i  t-  i       ^  ti 

gaa.  nre  wluch  renders  its  optical  axis  obliqnc,  the  feiloir  tfjgn 

being  jtermitted  to  retain  its  usual  pimition,  double  sight  ia  the  l«ilt 
It  is  true  that,  in  the  habitual  divergence  of  strabismus,  such  is  itotde 
effect,  one  of  the  images  diiiapjHiaring,  or  pcrha[>s  the  mind,  accoiomodlfr 
ing  itseh'  to  the  habitual  i-iuidilion,  combines  the  two  into  one.  Tbtte 
circumstances  indicate  that  each  member  of  a  double  organ  can,  mtt 
conditions  of  distorbance,  exercise  an  independent  ami  c\'cn  o^iouiigW' 
tion  to  its  fellow. 

It  has  by  some  been  supposed  that  the  mind  pays  attenlion  to  the  tut* 
ThciniJiciHoiw  pressions  of  only  one  of  the  pair  of  organs  at  a  time;  tlWi 
™icm**l*?^i     '''"^  "'''  "^  ^^'^  images  funiisheil  by  only  one  eye,  though  W 
u  ■  lime.         can  with  very  great  quickness  diroct  attention  to  thow  &^ 
Iiishetl  by  the  other,  and  therefore,  deceived  by  the  rapidity  with  wbidt 
ihis  alternation  of  attention  can  be  accomplished,  our  belief  in  the  3^ 
chronous  use  of  both  organs  is  an  error.     If  two  differently  colcMtd  ot 
jects,  auch  as  differently  tinted  wafers,  be  so  placed  as  to  be  Beporawlv 
and  yet  HimiilUiueously  viewed  by  both  eyes,  the  mind  vainly  all^pf 
lo  combine  the  two  images  together.     We  do  not  sec  the  resulting  fom 
of  a  green  tint,  bat  we  see.,  according  as  our  attention  is  ^ven  lo  tb* 
right  or  left,  a  blue  or  a  yellow,  if  ilicac  have  been  the  colors  of  ihfl  w 
fers,  and  tlicso  colors  can  quickly  merge  into  one  another,  like  dissoWinS 
iUu»ir«tivR    views.     There  is  a  flinipic  experiment  which  sen-es  to  so' 
M]«rim».ii.  this  view,  and  which  any  one  may  readily  make.     If  theop<»" 
hand  be  placed  along  the  nose,  ao  as  to  divide  the  right  eye  from  the  1«*^ 
and  wo  look  upon  the  surface  of  u  uniformly-illuminated  sheet  of  p)4^ 
covered  with  writing,  it  will  be  found  that  we  can  only  read  with 
eye  at  a  time,  but  that  the  mind  can  with  great  rapidity  determine  wt*- 
eye  it  will  use.     In  this  little  experiment,  wc  have,  moreover,  the  mi 
of  estimating  the  relative  sensitiveness  of  the  two  eves,  and  other  of 
optical  i>ccu]iaritic3  ;  thus  it  will  be  commonly  remarked  that,  though 
[laper  be.  as  we  have  said,  uniformly  illuminated,  that  part  of  it  whi 
regarded  by  one  eye  is  brighter  than  that  seen  by  the  other,  this 
due  to  a  difference  in  their  sensibility.      It  will  also  frequently 
(hat  the  two  portions  of  the  page  will  present  different  eliades  of 
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perhnpot  being  a  I'aiiit  grrpiiinii  gray,  while  the  other  ia  of  a  yel- 
NriBh  white,  the  proper  color  given  to  it  by  the  candle  or  lamp  liy  which 
fu  seen. 

In  thiu  feature  of  ilouble  constraction  the  brain  itself  participates,  pru- 
tatiiig  m  light  and  left  ludf  approaching  one  another  in  form,  without 
^g  absolutely  identical.  Much,  therefore,  of  wliat  has  l»ccn  said  rc- 
becting  the  mutual  relations  of  the  right  and  left  eye,  and  the  rig)it  nnil 
m  ear,  must  apply  to  tlic  right  and  iuft  hemispheres  of  the  brain ;  and 
kia  under  this  iwint  of  view  that  Dr.  VVigan  has  rccarded  it  in  ,  , 
iBWOTk  on  the  Duality  of  the  Mind.  Nor  can  there  be  any  »ciio.i  <.rr«f u 
kodit  that  each  hemisphere  is  a  distinct  organ,  having  the  ■'""""P*"''*- 
^wttofcarrj-ingon  its  functions  independently  of  its  fellow;  that,  though 
Ml  can  thus  act  separately,  both  can  act  aimullaueously ;  luid,  judg- 
ing from  the  caaes  that  have  ju«t  liecn  presented,  it  would  seem  that  we 
^jacititied  in  interring  tliat  the  common  action  of  the  two  Itemisphcrca 
^  BM  for  tlie  purpose  of  a  heightening  of  effect,  but  only  for  greater  pnv 
EWOD,  and  that  in  the  same  manner  an  it  is  a  rare  thing  to  find  two  eyes 
k  two  ears  of  equal  goodness,  so  also  it  is  uiinsual  to  have  two  hemi- 
which  are  precisely  alike.  The  defects  of  the  one  may  i^nbortiM. 
cnmpensated  by  the  Bupcriorities  of  the  other,  and  thus  i'""  i»f  owe 

aew)  result  be  attained;  and  as  one  eye  or  one  ear  can,  ""'"''  ""' 
Mdaihe  proper  circuniatanccs,  over])owiT  its  ftdlow,  so  likewise  can  one 
KiaifijihfTe  of  the  brain,  i:xcept  in  certain  cases,  wiiich  liavo  been  soine- 
[riut  unaginatively  described  as  insubordination  of  one  of  the  hemi- 
pWM,  when  insanity  is  the  result,  the  healthy  half  being  unable  to 
tontiol  the  diseased  one;  and  for  tlna  reason,  wc  often  observe  of  tlic 
WW)  tliat  they  have  synclironously,  or,  at  all  events,  in  a  v«^  rapid  al- 
baalion.  two  distinct  trains  of  thought,  and,  consR(|ucutly,  Dnuhicirainor 
^0  distinct  utterances,  each  of  which  may,  so  to  speak,  Iw  *^''"kI»- 
Kcfectlj  continuous  and  even  satie  by  itself^  but  tlie  incongruities  that 
ile£ron)  tlic  mingling  of  the  two  betray  the  condition  of  such  ])erson8. 
I  lliif  caae  douhleness  of  action  is  seen  in  its  most  exaggerated  aspect. 
It  in  a  Icaa  degree,  it  may  lie  remarked,  in  the  thinking  operations  of 
bM  whose  minds  are  perfectly  sound.  Thus  there  is  no  student  hut 
hst  have  observed,  when  busily  engaged  in  reading,  that  his  mind  will 
Inder  off  to  other  things,  though  he  may  mcchiuiically  cast  his  eyes 
fcr  p^gO  after  page ;  and  the  same  may  occur  in  listening  to  a  lecture 
{ sennon.  But,  though  the  innane  man  may  indulge  in  two  synchn^ 
fcis  trains  of  thought,  he  never  indulge-'*  in  thriM-,  fur  the  simple  reason 
kt  be  haa  not  three  hemispheres  to  do  it  with,  the  same  remark  apply- 
K  to  the  MDO  man  in  th«  accidental  wanderings  of  his  thoughts. 
iThe  overcoming  of  this  insubordination  of  one  of  the  hemisplieres  may, 
considerable  degree,  be  accoDipliahed  by  education,  of  whicli 
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Bffrct  of  edu-  one-  nf  thn  chief  results  is  that  it  cxercisra  us  in  the  habit  of 
Mtioo.  thinking  of  one  thing  at  a  linift,  of  liiinking  therefore  with- 

out confusion,  and  of  Arriving  at  conclusiona  with  precinion  and  decision. 
Au(t  these  considcratious  ahould  alao,  in  Dr.Wigan's  view,  be  our  chief 
guide  ill  the  cure  of  iiifHtiilv,  doing  all  in  our  power  to  invigorate  the  ac- 
lion  of  the  hcahhy  heniieplieret  anJ  enable  it  to  »ubdue  the  insubordiiui- 
lion  of  iho  diseased  one.  If  both  hemispheres  are  diseased^  the  case  is 
ahnost  hopeless. 

Of  the  independent  iind  yet  compUito  action  of  each  of  the  oeTobral  hem- 
„  ,  ]'firt!ier<'9  we  have  abundant  and  interesting  proof.     Mental 

rcirni  «c(H>n        1  .  .Ill-, 

of  ■  iiIiikIb  operations  can  be  carried  on  in  a  protouncUy  diseased  state  of 
h«niu|jiicre.  ^^^  ^f  these  organs,  as  multitudes  of  well-authenticated  caaca 
attest — nay,  even  when  the  lesion  has  gone  so  far  as  to  amount  to  au 
absolute  and  entire  disorgnnucation  of  one  of  the  hemispheres.  8iuiilar 
evidence  is  al»o  furnished  by  those  interesting  casus  in  which,  by  accident. 
as  by  gutinhot  wound,  dt'slniction  of  one  side  has  occurred. 

Even  in  a  state  of  hpJilth  we  have  numerous  exuniples  of  this  inde- 
.        .  pendent  action  of  each  hemisphere.     While  engaged  in  ordi- 

UonofihBtwo  nary  piu^nits  which  imply  a  continued  mental  occupation, 
iMmlepfaarat.  ^^  ^^^  occjisionally  troubled  with  suggestions  of  a  different 
kind.  A  strain  of  mnsiL-,  or  even  a  few  notes,  may  Iw  perpetually  ob- 
truding, and  such  an  occurrence  we  could  scarcely  ejiplain  save  ujwn  Ibo 
priiidplc  of  Ihe  separate  action  of  tlieso  organs,  the  one  interfering  with 
the  other.  That  precision  which  we  luive  remarked  as  arising  from  the 
conjoint  use  of  two  eyes  and  two  ears  ia  doubtless  also  attained  wliere 
the  two  hemispheres  are  acting  in  unison.  Wc  can,  moreover,  volnnta- 
ril}'  permit  one  to  rest  while  the  other  continues  its  duty,  as  we  can  %*ol- 
untarily  make  use  of  one  eye,  disregarding  the  indications  of  the  other; 
but  ivlicre  il  is  necessary  to  execute  a  critical  comparison  or  arrive  at  ait 
acairate  judgment  of  things,  both  hemispheres  are  brought  into  action, 
as  are  both  eyes  when  we  intently  consider  an  object. 

Among  other  phenomena.  Dr.  Wigan  calls  atleiition  to  the  operation 
CmUc-  of  castle-building,  as  it  is  designated,  as  illustrating  the  volunta- 
imUiiimi.  i-y  iiiaiiner  in  which  we  permit  one  hemisphere  to  act,  presenting 
fimcifiil  delusions ;  the  other,  as  it  were,  watching  with  satisfaction  the 
operation,  and  in  this  respect  lending  itself  to  it.  Not  that  for  a  moment 
we  suppose  there  is  any  tmih  in  the  ideas  suggested,  and  in  this  the 
plienomeiion  differs  essentially  from  that  of  dreaming,  in  which  it  never 
occurs  to  us  that  the  scenes  and  actions  are  unsubstantial. 

Still  more  strikingly  do  those  singular  cases,  which  from  time  to  time 
DouikoTBi-  I"**^"'  tliemaelveu  to  the  physician,  of  double  or  altemate 
tvni«uooB>  consciotuiness,  illustrate  this  isolated  function  of  the  hcmi* 
KiiiuuiMs.      spbBKB.     in  some  of  these,  wliicli  have  been  carefully  ob- 
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aerved  and  authentically  reoordfld,  cacb  of  those  portions  of  the  brain  lias 
<-ontiniicd  its  action  for  a  period  of  days,  or  even  weeks,  and  tlieii,  rtJau»- 
ii»g  into  a  finJcsocnt  state,  has  been  miocewled  by  the  other,  thus  present- 
ing in  some  degree  an  analogy  of  what  is  observed  in  ordinary  canes  of 
iiiMiiity.  so  far  as  the  reciprocaling  action  of  the  two  oi^na  is  t:onci:rn«(l, 
Imt  ditfering  in  the  period  of  duration  of  their  function ;  and  tlius.  if  one 
of  them  should  hare  undei^onc  deterioration,  or  liave  Hufiered  lesion,  so 
ihat  it  has  Ixjen  rnduced  to  what  niiglit  be  terniGd  an  infantile  atalc,  the 
iiiijwcaflions  formerly  stonyl  up  in  it  having  been  for  the  most  part  lost, 
or  there  being  an  incapacity  in  it  to  make  use  of  tliem,  the  patient  will 
alteniatcly  exhibit  what  haa  been  aptly  tenned  child  life  and  mature  life. 
For  a  few  days,  or  perhaps  weeks,  he  will  conduct  hirngeli'  in  the  ordi- 
nary manner  of  an  adult,  reading,  reasoning,  and  acting,  and  then,  for  a 
similar  [»eriod,  will  pass  inlo  a  condition  in  wliich  he  docs  not  even  know 
Uis  lettcni.  and  reasuiis  and  acts  like  a  child.  These  phenomena  of  al- 
ternate and  double  inteltcction  are  interosting  in  tho  higlient  d^rec,  and 
seem  to  be  explicable  on  no  other  principle  tlian  that  wliich  this  authM" 
suggests. 

But  I  do  not  think  that  the  explanation  which  he  offers  of  the  seuU- 
ment  of  prc-existcncc  is  correct.  By  this  term  is  under-  sirntim>ni  ef 
stood  that  strange  impression,  which  all  [lersons  have  occa-  i'"^*"*"''""*- 
aionally  observed  in  the  course  of  their  Uvea,  that  some  incident  or  &ccne 
at  UiO  moment  occurring  to  them,  it  may  be  of  quite  a  trivial  nature, 
has  heen  witnessed  by  tlicin  once  bf^fore,  and  is  in  an  instant  recognized. 
Tiiougli  tills  opinion  that  wo  have  seen  a  present  incident  once  before 
sometimes  occurs  in  cases  where  the  circumstances  arc  of  profound  in- 
terest to  us,  the  experience  of  most  persons  assures  ns  that  it  is  more  fre- 
quently in  tri\nal  events.  Dr.  Wigan's  view  is,  that  it  arises  from  the 
almost  contemporaneous  action  of  the  two  hemispheres,  and  thai,  under 
the  circumstances,  we  have  a  confusion  of  memory,  and  are  led  to  be- 
lieve tliat  there  has  been  an  interval  of  indefinite  duration,  when,  in 
point  of  iiict,  it  was  an  impression  in  each  hemisphere  closely  coincident 
in  [Hiint  of  time.  This  explanation  turns  on  the  assumption  that  this 
sentiment  of  pre-existencc  occurs  but  once.  Ho  dcnic-s  that  wo  ever 
suppose  that  we  have  seen  the  thing  twice  before.  But  I  believe  that 
the  experience  of  many  individuals  assures  them  tliat  this  is  not  the  case, 
and  that  they  are  under  a  tirm  j>ersuasion  tliat  they  liavc  witnessed  tlie 
aanw  incidents  more  than  once  before,  nay,  perhaps  even  many  times. 
The  Instance  wliich  this  author  furnishes  as  occurring  to  himself,  in 
whicli,  on  the  occasion  of  attending  the  funeral  of  an  exalted  personage, 
and  at  the  time  of  the  coffin  being  deposited  in  the  vault,  with  the  strik- 
ing solemnities  of  the  occasion  there  rushed  upon  his  mind  the  idea  that 
he  had  been  present  at  this  same  scene  once  before,  a  thing  which  was. 
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of  course,  sn  iitipOHsibility,  is  very  instraclive.  But  the  difficuitv  in  the 
wav  of  liis  liypottiesU  lies  itt  the  fact  that  it  offera  u^  no  ex[)]aiiation  of 
those  cases  in  which  we  are  perfectly  persuaded  tliat  we  have  witnessed 
the  thing  more  than  once  I>etbre,  though  it  may  answer  in  the  particiiiar 
Ijom  of « trur  instance  here  cited.  Peihapa  we  may  appropriately  rcctill  tin* 
licmpiioii  uf  well-known  fact  offered  to  us  in  dreaming,  and  to  whicll  at- 
tention hereafter  will  Iw  more  particularly  directed,  that  tlierc 
arc  circumstancea  under  which  our  mental  oireratioiis  are  carried  forward 
with  the  moKt  marvclotis  8{)ccd.  Thus  a  sudden  sound,  which  awak^ii 
us,  or  even  a  flash  of  lightning,  which  ifi  over  in  a  moment,  may  be  in- 
corporated or  expanded  into  a  long  dream,  diversiticj  with  a  various 
multitude  of  incidents,  all  appeariug  to  follow  one  another  in  an  appro- 
priate order,  and  oceupying,  as  we  Judge,  quite  a  long  time,  yet  all  nec- 
essarily arising  in  an  iustanfaiieous  manner,  fur  we  uwakc  ut  the  moment 
of  the  disturbance.  Of  the  same  kind  is  tiiat  remarkable  deception, 
wliirh  is  authentically  related  by  those  who  have  recovered  from  deiitli 
by  drowning,  tliat  in  the  last  moment  of  their  agony  all  the  various 
events  of  their  i)a«t  life,  even  those  of  a  trivial  kind,  have  come  rushing 
before  them  with  miraculous  clearness.  Mental  operations,  therefore. 
both  as  regards  old  recollections  and  new  suf^gestions,  may  take  effect 
«with  wonderful  rapidity,  and  if  the  sentiment  of  prc-cxistence  ie  to  be 
explained  on  the  principle  of  the  double  action  of  the  brain,  it  must  like- 
wise bo  dependent  upon  the  fact  here  presented. 
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CHAPTER  XVII. 

OF  Tire  CRANUL  NEft^'ES  AND  TIIE  GREAT  SyMTATUETIC. 

JSmnaBtOionn/'thr  CVxnwa/.Ven-w. — TJte  T7iinl  Piilr,  or  Oenh-mnrnr . —  TJie  f'liardi  Pair,  or  Pn- 
flMki. — 7ir  >»/?*  iWr,  w  Tnynnini. — 7*Ar  .HitA  /toV,  or  AMimim. — Hitttratim'  of  fV 
Tinfii,  f'tmrti,  Fijth,  and  ^ixth  fnirt.—  Thr  Hrrmth  Pair,  or  Fnrial.~~lUmilraiio»  of  ti" 
(■'arial, —  7V  Kiuth  /^iir,tir  (jfittMO-phfirgmfetti. — IQmitration  oj'thf  tUmay-plianpij/tnl. —  Tir 
TmtA  Pair,  or  PnmtaiKfaMtric. — fUmirttlinu  of  li*.  l^nnumoffsutrir.—IUnttruiian  of' Ike  ijan/W' 
ijCTtt. —  7JW  A'ifiriirt  fair,  or  Sftiiat  Acfutory — TAe  TVejrti  /Wr,  or  UigK-ykuitaL — //- 
futtrtttioH  nf  Ike  ll^iOfildMat. 

The  Iltmic  AVn*. 

OflJit  iireni  Sgmpathttie  .^jwMn, — Potitioa,  Alninvrt,  and  Ori^a  (^  (k  SympatMc—Iu  /Z*- 
drijon  mlh  tht  Pannnoyattrif.^Iu  Oinmtaion  trith  tht  Spiivil  SftUm. — lu  PUmf«». — Ju 
tiOftgSa. —  TAqr  ttrt  liaenvin  y'  Fmve. — Suoiimuh  of  tht  Finetvuv  of'  lAr  iiymptuAtiic. — 
iUaxtmtiim  tif  lie  ^ifm/tatltrtie. — TlteAlnhmiivtH'hntnt.—  l'he.iMar  I'kxm. — HtiUta»- 

Ifrir  Pirrute*. 

TiiiiitK  are  twelve  pairs  of  cranial  ncrvcA:  Ist  The  olfacttwry;  2d.  The 

optic;  iW.  The  ocuIo-motoT ;  4th.  The  pathetic ;  5th.  Tlie  hi-  The  rranUt 
lacial:  6th.  The  abducent :  7th.  The  facial;  8th.  Tlie  audito-  "«'«'■ 
ry:  9lh.  The  glosso-pharyngcul :   10th.  Tlie  pncumogastric;  1 1th.  The 
(![)iiial  accessory  ;   12tli.  Tlie  hypoglossal. 

Of  thene,  the  first,  the  bbcoiuI,  uml  the  eightli,  being  nerves  of  special 
ecusation,  may  "be  more  conveniently  studied  in  connection  wltli  the  or- 
gans of  special  sense — ihc  lioiic,  Ihc  eye.  the  car. 

or  TUB  IIIIRU  rilB,  OK  0^i:LI>-NOrOJI  VIBVKS. 

The  motor-oculi  nerve  ari.sed  from  the  inner  side  of  the  cams  cerebri, 
near  to  the  pons  varolii,  some  of  its  fibres  passing  into  the  iiie  lUiM  p«r. 
t;ray  gubslanre  of  the  crus.  Advancing  forward,  It  divides  <»''<>f'«lo->n'>i<"-. 
into  two  branches,  one  of  which  supplies  iho  su|)criyr  rcclUB  and  levator 
palpebnu,  the  other  the  internal  rectus,  inferior  rectus,  and  inferior  ob- 
lit|uc.  Considering  the  place  of  origin,  it  would  be  expected,  that  this 
nenc  is  wholly  motor,  and  this  is  conlimied  by  experiment.  When  the 
ncrvo  Is  irritated  the  muAclca  which  it  snpplicH  are  convulsed,  and  when 
it  is  divided  they  arc  paralyzed.  Through  its  connection  with  tlie  len- 
ticular ganglion,  it  furnishca  motor  tilnnionts  to  the  iris.  The  optic 
ner\'c  the  cor]>om  quadrigemina,  and  this  nerve  together  constitute  a 
poinplete  nervous  arc,  and  impressions  made  on  the  retina  occasion  ino- 
tioiiit  in  the  iris. 
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or  THE   FOrXTTI    r«IR,   TATirETICt,  OS  TKOCnUCAR  SSKVXI. 

This  nerve  aris«ti  J'rurn  tha  valve  of  VicussciiH,  iicjir  tlic  teetia,  and. 
Tb«ftianhp«ir,  passing  around  the  cms  cerebri,  enters  the  orbit,  and  is  ^»- 
irtpnihetici.  tributcd  to  the  orbital  surface  of  the  superior  oblique,  or 
troclileiir  muBcIc,  for  which  it  is  tlio  motor  nerve.  When  it  is  irritated 
that  tnosclc  is  convulsed. 

or  THK  rirm  r*iii,  tmtacial,  ob  TiuaKsim. 

The  fifth  nerve  has  a  con»tractiou  so  closely  analogous  to  that  of  the 
Th"  Hfth  pair,  i<pinal  ucTvcs,  tUat  it  luia  buvii  designated  the  spinal  nerve  of 
oTtripsmini.  t]^g  head.  It  arises  by  two  roots,  the  anterior  of  which  is 
the  smaller,  the  posterior  having  a  lai'ge  ganglion,  the  ganglion  of  Gas- 
ser;  with  this  ganglion  the  antfurior  root  is  in  contact,  but  not  in  con- 
nection: it  passes  forward  to  the  inferior  maxillary  nerve,  l-'rora  ihe 
ganglion  three  branches  diverge,  the  ophthalmic,  the  superior  maxillary, 
and  inferior  maxillary,  the  first  pTX)cec<liug  from  the  upper  angle  of  the 
ganglion,  the  second  &om  the  middle,  the  third  froiti  the  inferior  angle. 
This  last  receives  the  motor  portion  of  the  nervu ;  tlic  liret  and  second 
Innuchcs  are  sensory,  the  third  is  sensory  and  motor  also.  From  the 
sensory  (mrtiona  the  anterior  and  most  of  the  antero-latcral  portions  of 
the  head  are  furnished,  a&  &im  the  organs  of  special  sniiRc  themselves,  so 
far  as  thv\r  common  sensation  is  concerned.  The  motor  branch  supj^ies 
the  muscles  of  mastication. 

OF  TRK   SIXTH    I'AtK,  OK   AnDl'CSirrM. 

This  nerve  arii^cs  by  several  filnments  from  the  upper  part  of  the  cor- 
Tlupixthpair,  pu3  pyramidale,  near  to  the  [H)ns  varolii,  and  is  distributed 
or  •MuwniM.  t„  jjn;  external  rectus.  From  its  origin,  distrihution,  and 
irom  experiments  made  upon  it,  it  is  known  to  he  a  motor  nerve. 

* 

ILLCfTBATIOVS  OF  THB   Tinst>,  VOTIIITn,  FIFTB,  AXD  flIXTB   PJklltS  OF  NRRVSl. 

jug-ui.  Fig.  161:    1,  chiasm   of  optic  nerves;    2, 

third  pair ;  3,  nasal  nerve ;  A,  external  oculo- 

motor ;  ^,  ganglion  of  Gasser;  6,  nasal  nerve 

and  its  two  branches,  internal  and  external : 

-.'       7,  nerve  of  obliqims  inferior;    S,  oplithalmtr 

^'     g""ghon;  9,  ciliary  nerves;  a,  portion  of  le- 

T     vator  palpebrae  8a|)erioris  nnd  reotus  siipcri- 

', ,   or :  i,  rectus  intcmus ;  r,  rectus  extcrnus ;  rf, 

fibrous  ring  of  the  recti  muscles. 


NeriM  at  tbt  urtilL 


iniaTF.a  DC  TuK  cMRtT&L  rAVtrr. 
Fig.  162 :  1, 1,  optic  ncn-e  and  globe  of  Ihe 


THE  FIFTH  KEHVB. 


KoAtt. 


4«    I       t 
■  In  tfco  o«t>lui  • 


wtHy. 


f^ye;  2,third  nerve;  3,  superior  branch: 
4,  nerve  of  obliquus  inferior;  5.  oxlc tnal 
oculo-motor;  ((,  ganglion  of  Gaflser;  7. 
npliiliiJmic  branch  ;  H,  noHol  nerve  ;  9. 
ophilialinic  ganglion;  10, short  root  of 
ophtliahnic  ganglion;  11,  ciliary  nervca: 
1 2,  frontal  nervo ;  it,  levator  jialpebne 
superioria  and  rectus  superior ;  I,  rectus 
inferior;  c,  obliquus  inferior;  d,  rentas 
ejctcmus;  c,  ring  of  the  recti  muscloa. 


DtAOBAM  or   TKB  FUTH  KKRVB. 


Fif.m. 


I^.lBSli  1,  ganglion  of  Gasser; 
2.  ophthftlmic  ganglion  ;  3,  its  long 
root  furnished  hy  the  nasal  branch; 
4,  short  root ;  5,  sympathetic,  from 
Ihu  ple:tus  surrounding  tlie  inter- 
nal carotLd ;  6,  ciUaiy  ner\'es  trav- 
ersing the  Bclerotic ;  7,  ciliary  gan- 
glion ;  S,  ganglion  of  Meckel ;  9, 
its  sensory  roots  from  the  superior 
maxillary' ;  10,  petrous  branch  of 
vidian  nerve,  or  motor  root  of  the 
ganglion  of  Meckel ;  11,  its  sym- 
pathetic mot;  12,  riaflo-imhitinp 
ganglion,  receiving  at  iiH  upper  an- 
gle the. naso-palalino  ncn-e,  and  at  its  inferior  the  anterior  palatine;  13, 
otic  ganglion  ;  14,  small  snpcrticial  jiotrosal :  15,  submaxillar)'  ganglion  ; 
16,  nublingnal  ganglion;  1 7,  gcniculaled  ganglion;  18,  cavernous  ganglion. 


I 


niiictBiii  *f  the  atui  iici>& 


OjUMUOW  op  OAMXK  A3n>  kMACKtrr  PAMttt. 

«!>•'"  Fiff.  164:  1,  ganglion  of  Ga»- 

ser;  2,  ophthalmic  nervo:  3,  front* 
al  branch  ;  4,  lachiy-niol ;  b,  nasal ; 
6,  opthalmic  ganglion ;  7,  superior 
maxillary  ncr\-c ;  8,  orbital  branch : 
9,  ganglion  of  Jlerkel ;  1 0,  [>etrosal 
brancli  of  vidian  ncr\-c;  11,  palatine 
nerves ;  12,  anastornoBis  of  the  gan- 
glion of  Mwkel  with  the  ner^'ous 
picxna  surrounding  the  intemul  m»x- 
'•"^""" ""'—"■  iUary  artery;   13,  posterior  mid  su- 

TMvior  dental  nen'efl :  14,  suliorbital  nerve,  its  aiiaatomosca  with  6tciaX 
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mw]  nasal;  15,  inferior  maxillary,  receiving  the  motor  ix>rtion  of  tlie  fifth 
[lair;  Ifi,  Buperficial  aiiriculo-teinporal  ncn-i?;  1 7,  buKCa!  nerve  ;  18,  scr- 
tion  of  other  coUaleral  bnmchea  of  inferior  maxillary;  19,  inferior  den- 
tal; 20,  mental  nerve;  21,  lingual;  22,  chorda  tympani;  23,  facial 
nerve  -,  A,  external  carotid  artery ;  B,  facial  arten,' ;  C,  temporal  arterj* : 
D,  internal  mnxiUary ;  K,  its  dental  branch;  F,  middle  meningeal;  «, 
membrnna  tympani;  i>,  gknoid  cavity;  t*.  orbicularis  oris;  d,  buccin*- 
lor;  t',  pterygoideus  intemus;  /,  plcrygoideus  exlernus;  y,  digastric; 
At  steruo-dcido-niastoid  niuscle. 


THx  rirm  rxrvk,  thk  oaxqliox  of  oA«wa  bbdio  rbhoixp. 

p^m.  />'^.  165:   1,  ophthalmic,  cut;  2, 

superior  maxillary,  cut  at  both  ex- 
tremities ;  .-i,  ganglion  of  5Ieckel ;  4, 
petrosal  and  carotid  branch  ot*  vidian 
^f  nenc;  5,  abducent ;  G,  nerve  of  Ja- 
cobaon ;  7,  superior  and  posterior 
dental  nerves ;  8,  anterior  and  snpe- 
rior  dental  nene;  9,  otic  f^angllon; 
1 0,  gualatory  nerve ;  II,  cln:>rila  tym- 
pani  ;  12,  submaxillary  ganglion; 
13,  anastomosis  of  lingual  with  liy- 
poglossal  i  14,  eoblirgual  plexus  :  15.  terminal  branches  of  gustatory  or 
lingual  nerve  ;  IG.  inferior  dental :  17,  my lo-hyoid  branch;  18,  mental; 
19,  incisive  nerve ;  20,  gmiglion  of  gloj^so-jiharyngcal ;  21,  facial,  in  the 
aqueduct  of  Fallopius ;  22,  hj-poglossal ;  «,  wujjcrior  maxillary  bone;  i, 
eartilagCH  of  the  nose;  c,  internal  wall  of  tympanic  cavity;  </,  ptery- 
goidcus  intcmuB  mnitcle ;  <?,  buccinator,  cut ;  J\  mylo-Iiyoid  muscle ;  y, 
part  of  anterior  belly  of  digastric;  A,  stemo-cleido-mastoid,  turned  aside. 


Tllf    lldil  IHTIH 


Pi;.  HW  nxrSTiuTiox  ov  thk  tkhwcsjii.  nruNCiiioi  or  m 

lYPERKia  UAXIL].^IV    XKItVB. 

TTV/.  1C6:  1,  motor  and  sensory  roots 
of  ganglion  of  Gasser ;  2,  junction  of  mo- 
lor  root  with  inferior  maxillar)':  :i.  auricu- 
!o- temporal  nerve;  5,  Imrcul  nerve;  G, 
pterygoid  nerves :  7,  cut  branches  of  tem- 
poral and  mtwsctcric  nerves;  H,  gnstalory 
nerve:  9,  cliordatympani;  If),  facial:  11, 
anastomosis  of  gustatory  and  inferior  den- 
tal nerves ;  12,  tonsillar  branch  ;  13,  sub- 
Tii-iBfrn..rnm. 111.7.  maxUlaty  gangllon ;   34,  sublingual  plex- 

us; 15,  anastomosis  of  gustatory  and  hy])0glo88al  nen'es;   10,  bnuidiea 
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of  gustatory;  17,  infeiw  dciiUil ;  IK,  mylo-IiyoUl  nerve;  19,  inctsivp 
branch  of  dental  rirrvu;  :!(>,  brancli  of  nicntul.  i:ut ;  a,  {itoryfrnideus  in- 
temoB :  h^  \yxri  of  plerygoidcns  extemus  muscle ;  c,  niylo-liyuid  muscle ; 
d,  {wrtion  of  anterior  belly  of  tho  digaatric ;  e,  hypoglossal  mnaclc ;  j\ 
|>oition  of  ttiibmaxillary  gland. 


or  TIIK  MtTKNTn   PAtK,  TRK  FAUUL  XSITK. 

This  non'e  arisen  from  lite  upper  part  of  the  groove  between  the  oli- 
vary and  restifonn  bodies,  and  near  tlie  pons  varolii.  With  TUwvenih 
tlie  auditory  nerve,  or  portio  mollis,  it  conslituten  the  seventli  P*'f.*>'  **<^»L 
nerve  in  the  nomenclature  of  Willis,  and  derives  the  name  poilio  dura, 
under  which  it  somctiinefl  passes,  from  the  density  and  closeness  of  it« 
texture.  It  enpplic-s  jdl  the  niuacles  oftlic  face  except  those  of  matttica- 
tion,  which  are  supplied  by  the  fifth  upj-ve,  llioaft  of  the  palate,  the  ata- 
pedius,  laxotortympani,  and  tensor  tympjini;  also  the  rausrh-g  of  lite  cx- 
tenui  car,  and  some  of  those  of  the  tongue.  The  facial  is  a  centritiigal 
nerre.  If  irritated  near  its  origin,  there  is  no  sensation  of  pain ;  but  sub- 
seqncntly  it  obtains  fibres  from  other  sources,  as  from  the  fifth  and  the 
pneumogaatric  After  it  has  been  joined  by  these^  irritation  is  acutely 
telt.  It  i»  tliercfuru  to  be  rc^^ardcd  aa  the  general  motor  nerve  of  the 
fiice,  influencing  the  fiinctlon  of  re8piration  througli  reflex  action,  but  not 
being  connectetl  with  the  function  of  mastication.  Injury  of  it  proilucea 
paralysis  of  the  parts  to  which  it  is  dlatribnted,  as,  for  example,  the  orbic- 
ularia  palpeliranim,  causing  infljimmatinn  of  ihc  eve  and  opacity  of  the 
cornea,  through  inability  of  that  organ  to  free  itself  from  dust  and  spread 
the  lachrymal  secretion  over  its  surface.  In  like  manner,  the  sense  of 
hearing  may  be  injureil  through  loss  of  control  over  the  rauaciUar  atruc- 
tures  of  the  ear,  and  the  acateness  of  the  sense  of  smell  diministied  from 
P10.W.  inability  to   introduce  (he  air  in  a 

strong  current,  or  the  acnsc  of  taste, 
if  the  point  of  injury  l»c  pTCvioiia  to 
thft  giving  off  of  the  chorda  tympani. 
In  paralysis  of  the  facial  nerve  the 
muscles  of  the  face  become  powerleaa. 
and  the  coimlcnance.  liiereforc,  dis- 
torted. 


W 


Thi-  r«ui  otrTft 


ILUJBTRATIOK  OF  DiB  FACUI,  HBRVtt. 

Fig.  167:  1,  trunk  of  the  facta! 
at  ite  craci^ncc  from  the  aqncdaet 
of  Kallopiurt  ;  2,  occipito-anrieular 
branch ;  3,  auricular  of  the  cervical 
plexus;  4,  twig  of  the  occipital  mus- 
Y 


TBE  OLQBBO-PUABVKaEAL  NSRVB. 

cic ;  5,  twig  of  the  posterior  auricular  muscle ;  6,  twig  of  the  superior 
auricular;  7,  aiiastomosia  of  the  facial  with  tlic  anricnlar  of  the  cervical 
plexus :  8,  branch  for  the  stylo-hyoitl  and  posterior  belly  of  the  digastric  : 
9,  temporo-facial  anaHtomosis  with  the  supcrticial  auriciilo-t«mporal  of 
the  fifth  pair;  10,  temporal  i-amificalionsof  the  facia] :  II,  frontal  twiga; 
12,  superior  palpebral  twigs;  13,  middle  pal]x;bral  twigs;  14,  inferior 
or  motor  palpebral  twigs ;  15,  suborbital  twigs ;  16,  suborbital  plexus ; 
17,  superior  buccal;  18,  cervico-facial  branch;  19,  buccal  bi-ancbes,  aiiaft- 
tomosing  with,  20,  buccal  nerve  of  fifth  pair:  21,  nietiuvl  twigs,  forming 
with,  22,  mental  nerve  of  fifth  pair,  tlic  mental  plexus ;  23,  cervical 
branches  ;  24,  transverse  cervical  branch  of  cen*ical  plexus  ;  25,  parotid 
branches  of  the  superficial  auricnlo-tcmporal ;  26,  parotid  branchc*  of  llie 
facial;  a,  frontal  moscle;  fr,  occipital  muscle;  r,  anterior  auricular;  d, 
fciuperior  auricular  ;  e,  posterior  auricular;  f,  orbicularis  palj-»ebrarutn ;  y, 
r^gomaticus  major;  A,  buccinator ;  f",  orbicularis  oris;  ^v  masseter;  I, 
parotid  gland;  m,  platysma;  n,  stylo-hyoid  and  posterior  belly  of  di- 
gastric ;  0,  steiucM:leido'mastoid ;  ^,  tra|wziu5. 

or  IHE   XIKTH    rAlltr  OR  UUWHO-PIUItTKGKJIt.. 

This  nerve  arises  by  five  or  six  filainfiiiLs  from  the  grxwve  between' 
Thcniniiipilf.  ^'"^  o'"'*""/  *"*!  rcelifonn  bodies.     Its  origin  may  be  traced 
,n  KioMu-pU*-  to  the  vesicular  substance  in  the  floor  of  the  fourth  ventricle: 
rrReva .  passing  forward,  it  is  distributed  to  the  mucous  membrano 

of  the  base  of  the  tongue  and  fauces.  VVJiile  in  the  jugular  fossa  it 
fonns  two  ganglia,  a  small  one  produced  by  its  posterior  fibres,  and  call- 
ed the  superior  gan^^liou  ;  a  second,  much  larger,  termed  the  inferior,  or 
ganglion  of  Andcrsch.  The  braiiciies  given  off  by  the  gloss o-pharyngcal 
f«re  the  muBcular,  the  tympanic  or  Jacobson's  nerve,  which  is  distributed 
to  the  inner  wall  of  the  tympanum  and  interior  portions  of  the  ear ;  the 
pharyngeal,  which  supplies  the  pharynx,  and,  with  branches  of  the  pneu- 
mogastric  and  sympathetic,  forms  the  pharyngeal  plexus;  tlio  lingual 
supplier  the  mucous  membrane  of  the  sides  and  base  of  the  tongue: 
the  toHKillitic,  which  supplies  tlie  mucous  membrane  of  the  fauces  and 
soft  piilnte,  and  fonns  a  ]>lexua  round  the  base  of  tiic  tonsit  Besides 
these,  the  glosso-pliaryngcal  anastomoses  with  the  facial,  poeumogastric, 
accessory,  and  sympathetic. 

Kxamincd  in  the  usual  way,  the  glosso-pharyngcal  proves  to  be  a  cen- 
tripetal ncr\c,  having  the  power  of  producing  rctlex  motions  through  the 
nerves  of  deglutition,  its  motor  influence  being  chiefly  due  to  its  coiv 
nections  with  the  pneumogastric  and  accessory.  Tliough  thus  a  sen- 
aoiy  nerve,  it  is  doubtful  whether  it  be  the  only  nerve  of  taste,  or  whether 
that  function  is  not  likewise  participated  in  by  the  Ungual  branch  of  the 
fifth  pair.     It  is  certain  that  section  of  the  lingual  does  uot  destroy  the 
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sense  of  taste,  and  also  lliat  tliosc  parts  of  tlie  tongue  to  which  the 

Lgloseo-pharyngeal  is  distributed  present  that  sense  in  tlie  most  marked 

I  manner.     The  inference  winch  is  usual!/  drawn  is  that  this  nerve  ami  the 

lingual  are  both  tactile  and  gustatlve,  and  this  renders  appropriate  iU 

description  in  this  place  rather  than  among  the  nerves  of  special  sense. 

ILUFtnUTKNT  or  TRIE   QU)B8U-rilABTXUKAL. 

J^ig.  168:  I,  ori^n  of  tlie  gloBso-phar)*ngeaI 
between,  2,  the  pneamogastric,  and,  3.  the  facial ; 
4,  ganglion  of  Aiidcrsch;  5,  pharyngeal  branches; 
(>,  Jimifftomosis  of  the  glosso-phuryngeal  with  the 
lingual  brnncli  of  the  facial ;  7,  application  of  the 
spinal  to  the  fiU]Kirior  ganglion  of  tlie  pneumo- 
gaslric;  8,  branch  of  jugnlar  foasa  ;  i),  piexifbrm 
ganglion  of  par  vagum ;  10,  carotid  branch  ;  II, 
superior  laryngeal  nerve ;  1 2,  external  laryngeal ; 
13,  inferior  or  recurrent  larj-ngcal ;  14,  cer**tcal 
LruncU  of  llic  spiaul ;  15,  bulbar  branch  of  sarai,' 
nerve;  the  union  of  these  forms  a  trunk  whicli 
divides  into  two  branches ;  16,  external  branch ; 
itoBtaw-piHtfrntPoL  17,  internal  branch;  18,  cervical  portion  ofsjm- 
r|icthetic ;  19,  hypoglossal,  cut. 


j>^.  if>. 


OtAORAK  OF  OLOSSO-rnABTXaKAL 

J^iff.lGd:  1, facial;  2,  glosRO-pharyiigeal;  3,  pneumo- 
gastric ;  4,  spinal ;  5,  hypoglossal ;  0,  superior  cervical 
ganglion ;  7,  7.  anterior  branches  of  the  two  lir^tt  cervical 
pairs;  H,  plexus  enveloping  the  internal  carotid  artery j 
9,  Jacobson's  norvc ;  10,  its  unasloniolic  branch  with  the 
carotid  plexus :  1 1 ,  small  deep  petrosjil.  which  passes  into 
tJicgrcat  superficial  petrosal;  13,  otic  ganglion;  14,  anas- 
tomosis of  glosRo-phnryngcal  with  lingual  brancli  of  the 
facial ;  1.5,  annstomoiiifl  of  glosso-pharyngeal  and  pncumo- 
goslric ;  1 6.  anastomosis  of  the  pharyngeal  of  the  glosso- 
pharyngeal with  that  of  the  pncumogastric  and  of  the 
spinal;  17,  auricular  twig  of  Arnold;  Itj,  application  of 
tho  trunk  of  the  spinal  to  the  superior  ganglion  of  the 
])neumogaslric ;  19,  anastomosis  of  internal  branch  of  the 
Apinal  with  t}ic  ganglion  of  the  trunk  of  the  par  vagum ;  20,  annRtomosis 
of  pncumognstric  and  hypoglossal ;  21,  anastomosis  of  hypoglossal  with 
the  loop  formed  by  first  and  second  cervical ;  22,  22,  anastomosis  of  the 
two  first  paini  with  the  cervical  ganglion  ;  23,  pharyngeal  plexus;  24, 
lar^'ngcal  plexus ;  25,  anastomosis  of  the  external  branch  of  tlie  spinal 
with  tiie  anterior  branch  of  the  third  cervical  pair. 


lErawf 


or  TUK    tEKTI]    PAIB,  TIIB  PAB   VAOVX,  OS  IVIEl'lKXtAtTltlC   KttmYK. 

The  pneumogastric  nerve  arises  hy  six  or  eight  filaments  from  the 
groove  between  llie  olivary  anH  rcRtitbrm  boHiea  below  the  glos5u>-pha- 
ryngeal,  and,  like  it,  may  be  traced  to  the  vesicuhtf  material  of  the  floor 
..,.        ,  of  tlic  fourth  ventricle.     It  first  presents  a  small  ganglion, 

or  ptiv«iiticij,ii»-  and  8CK)n  after  a  second,  nearly  an  iticli  in  lengtli,  called  the 
'  "'  plexus  gangliformis.     The  nerve  tlien  descends  the  neck  m 

the  slieaili  of  the  imroiid  vessels,  and  in  its  course  diflVrrg  on  the  right 
and  left  sides nspectively.  On  the  right  side  it  paBses  between  the  Bub- 
clavian  artery  and  vein,  descending  toward  the  .itomnch  and  solar  plexus 
on  the  posterior  porlion  of  the  (esophagus  ;  on  tlie  left  it  enters  the  ehcst 
nearly  paraltcl  with  fhn  left  aubclavinn,  and  passes  to  the  stomach  and 
^olar  plexus  along  the  anterior  portion  of  the  a-sophagtis. 

The  chief  branches  of  the  pneumogastric  are  the  auricular,  the  pliaryn- 
geal,  the  euperlor  laryngeal,  the  cardiac,  the  inferior  laryngeal  or  recur- 
rent, the  anterior  pulmonary,  tlie  j^ostcrior  pulmonary,  the  oesophageal, 
and  the  gastric. 

The  pncunicgastric  presents  several  plexuses  in  its  course,  and.  even 
whc^n  distribulecl  on  I  he  stomach,  rxlnhits  flat,  mcmhraiiiform  ganglia. 
It  supplies  three  great  classes  of  organs:  1st.  Tlie  digestive,  as  the  plia- 
rynx,  a>sophagua,  gtomach,  liver;  2d.  Respiratory,  as  the  larynx,  trachea, 
lungs;  3d.  Circulatory,  an  tlm  heart  and  great  vcMecls.  It  associates  it- 
sell'  intimately  with  the  sympathetic,  and  aids  it  in  forming  several  great 
plexuses. 

At  its  root  the  pneumogaslric  is  sensory,  but  in  its  trunk  it  poesesses 
a  double  function,  arising  from  its  intermingling  with  other  nerves,  as  the 
spinal  accessory  and  sympathetic.  Though  the  trunk,  if  irritated,  gives 
rise  to  |iain,,  we  arc  not,  untler  onlinary  circumstances,  conscious  of  indi- 
cations, as,  for  example,  in  the  act  of  brcjitliing,  in  which  we  do  not  peav 
ceive  the  necessity  of  respiration,  except  the  access  of  the  air  be  too  loug 
delayed.  The  pharyngeal  branch  is  the  chief  motor  nerve  of  the  pharynx 
and  palate.  Tlie  superior  laryngeal  is  the  sensorj-  nerve  of  the  larynx, 
the  inferior  laryngeal  being  tlie  motor.  Considered  along  ^vitU  the  spi- 
nal accessor}',  the  pneumognstric  presents  an  analogy  to  a  spina!  nerve ; 
the  accessory  conHtifuting  ilio  anterior  or  motor  root,  and  the  pncumo- 
gastric,  with  its  gan^^lion,  the  sensory  root. 

The  pneumognstric  nerve  was  formerly  regarded  as  taking  an  in6uen- 
rial  ]>art  in  the  action  of  the  stomach  during  dig«'*tion.  The  precise  na- 
ture of  its  agency  in  tliis  respect  has  lieon  already  alluded  to.  In  addi- 
tion, it  may  be  remarked  that  prol»ribly  through  this  nerve  is  the  sensa- 
tion of  hunger  conveyed  to  the  mind. 
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ItXDtTBATIWI  or  lilS   LOIT  mKVUOQAnwK  NKKriC. 

^ff.llO:  1,1. 1,  the  pncuinogastric  nerve;  2,  ana^tomosiB  of  it  witli 
the  hyuogloasal ;  H,  unastomosis  of  plexitorm  ganglion  witli  internnt 
branch  of  the  spinal;  4,  pharyngeal,  passing  in  front  of  the  internal  car- 
otid artery ;  5,  superior  lar^'ngeal,  behind  the  internal  carotid  artery  ;  G. 
external  laryngeal ;  7,  laryngeal  plexus,  tbrmed  by  external  laryngenl 
and  great  sympathetic ;  b.  8U{;enor  cardiac  ;  9,  niiddle  cardiac ;  10,  lU. 
**■"*  inferior  laryngeal,  or  rccurrcni. 

forming  a  cunx  round  the  arch 
oftheaorta;  11,  pulmonary  gan- 
glion, 12,  its  ftnaatomosis  with 
the  gi-eat  gynipthelic -.  13,  pos- 
terior puluionary  plexus ;  14, 
cesophageul  picxtui;  15.  curves 
formed  oroutid  the  ccsophagus 
by  tlie  right  and  left  [meunio- 
ga^trics;  lti,u:i(0p)iageal  strand 
traversing  the  diaphragm  ;  17, 
plexus  formed  by  the  strand 
upon  the  anterior  face  of  the  car- 
diac  end ;  18,  branches  for  llic 
great  end  of  the  stoniacli;  19, 
branches  for  tlio  small  cur\'a- 
turc ;  20,  branches  for  the  ante- 
rior face  of  liic  stomach;  21. 
hepatic  brandies  coiumingling 
with  the  hepatic  plexus  of  the 
great  sympathetic,  and  raniify- 
,'%*_■«  'T^l^tt  ing  in  the  substance  of  the  liver, 
"^  22,  glosso  -  pliar}-ngeal ,  23,  its 

lingual  branch,  24,  pharyngeal 
branch ;  25,  branch  for  the  sty- 
lopharyngeal iriusele;  2(i,  spi- 
nal ;  27,  internal  branch,  aiding 
to  form  the  pharyngeal  nerve . 
28,  external  branch;  2i>,  twig 
TVirtiimriiiuf.ir»MHriiwT#.  ©f  cxlcmal  branch  anastomos- 

ing vnth  the  third  cervical ;  .'10,  anastomosis  with  trapezian  branch  of 
the  fourth  cervical ;  31,  cer^-ical  portion  of  great  symiiatlictic ;  32.  32, 
thoracic  portion :  a,  thyroid  body ;  *,  trachea ;  c,  left  lung,  drawn  to  the 
right ;  */.  liver,  raisccl ;  e,  ccsopbagus ;  /,  great  end  of  the  stomach, 
drawn  to  the  left ;  ff,  arch  of  the  aorta ;  the  carotid,  and  subclavian  ar- 
teries, cut. 


/■  •■■ 


:M2 


THK   8PINAL    AOCCSSORY    NERVE. 


Fiff.  ITI 


IIXCBTRATIOK  or    rULUOKAHT    OAXOUA. 


J'^itj.  171 :  1, 1,  pulmonary  ganglia ;  2,  median  anttM- 
lomoses  of  these  gunglia  at  the  posterior  face  of  ihr 
trachea,  and  origin  of  the  bronchi ;  3,  left  laryngusl 
nerve,  aiding  to  fonn  the  bronchial  plexus ;  4,  anas- 
tomoses of  the.  two  pneiunogaatrics  on  the  poflterior 
ptfuHMir  sftKBiu.     face  of  the  cesophagus. 

Il.m»TIIAII«)r  OF   IXJ-HKHfM   WKTKOIIALS,  JUTTEtttOR  ITLUONABT,  A!fD  CAHIMAC   rLKXVL 

J'iff.  172,  I.  1.  imcumogaatric ;    2,  2,  superior  Jar^-ngeal;  3,  3,  exter- 
f^g.  ITS,  nal   laryngeal ;    4,  supcrioir  car- 

diac nerve;  5,  5,  middle  cardiac 
ncrvca  ;  ti,  inferior  cardiacs ;  7, 
cardiac  ganglion  and  plexus;  8,8, 
nerves  frotn  this  plexus  ttnrround- 
ing  the  coroniiry  plexus;  U,  9,  an- 
terior pulmonary  plexus  :  10,  10, 
inferior  laryngeal :  the  left  em- 
bracing the  arch  of  the  aorta,  the 
riglit  the  siibt-lavian  artery,  both 
go  to  the  posterior  tauo  of  the 
larynx;  11,  liaclieal  h  ranches ; 
A,  pulmonary  artery ;  li,  ila  left 
branch ;  C,  its  right  branch ;  D, 
arnh  of  the  aorta :  E,  fibroiis  cord 
arising  from  obliteration  of  the 
ductus  artcriofiUB ;  F,  left  subclavian ;  G,  O.  left  primitive  carotid  ;  H, 
brachio-ccphalic  trunk,  cut  to  mKow  cardiac  nerves ;  I,  vena  cava  supe- 
rior; K,  left  coronary  Jirtery  and  vein;  L,  right  corotiary  arlery  and 
vein .  ff,  03  Kyoidcs ;  i,  projecting  portion  of  the  larynx ;  c,  trachea ;  d, 
thjTO-hyoid  muscle;  (?,(',  crico-thyroid  ;  J\J'f  scalenus  anticua  ;  ^,  y, 
thyroid  body ;  h.  A,  diaphragm ;  i,  i,  pericardium,  cut  away. 
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Op  THE    EI.B\XWTH    PAIB,  OR   HPi:rAL   ACCK^MRV    XKUVK. 

The  spinal  accessory  arises  by  several  filaments  from  the  side  of  the 
Thftrlevonih  spinal  cofd,  as  low  as  the  tirtli  or  sixth  cervical  nerve.  In 
pair  or  -pinni  lis  upwanl  course  it  conimunicatcs  with  the  posterior  roots 
»cie»*orj-.  ^^  ji^g  jjj^j  cervical.  It  then  divides  into  two  branches,  the 
utmaller  joining  tiic  pncuinogastric,  the  main  trunk  passing  onward,  and 
being  eventually  distributed  to  the  trapezius  muscle,  and  also  furnishing 
supplies  to  the  sterno-mastoid. 

The  spinal  accessory  is  a  motor  nerve,  as  ajipears  from  the  usual  evi- 


dence  of  irritation,  and  also  from  its  origin  anil  distribution.  Tts  actiou 
is  not  essential  in  ordinary  or  involuntary  respiration.  In  volttDtary  ree^ 
pirotioD  it  is  brougbt  into  play. 

OF  THX  TWXLmi  rAiR,  tm  mrootMnwAi.  kxrvk. 
Thia  nerve  arises  in  the  groove  between  the  pyramidal  and  oIlTary 
bodies,  by  8  or  10  lilaniunts,  wliidi  are  collected  into  two  ^^^  ,woirdi 
bandies.  It  next  possea  forward  and  crosses  inward,  pur-  pAir,  nr  hrpo> 
■ues  ft  conrsc  which  is  concave  upward,  and  supplies  the  '^°"  ' 
,  genio-Iiyoglossus  and  muscles  of  the  tongue  generally,  giving  off  the 
foUowiii;^  branches  in  its  course:  the  descendens  uorii,  the  thyrc>-hyoid. 
and  tilamcnts  connecting  the  gustativc  nerve,  it  also  anastomoses  with 
the  pneumogastric,  spinal  accessory,  first  aud  second  cervical  nerves,  and 
sympathetic 

The  hypoglossal  is  the  motor  nerve  of  the  tongue,  irritation  of  it  giv- 
ing rise  to  movements  throughout  that  organ,  tlie  lingual  branch  of 
^the  fifth  being  the  sensory.     The  hi.-pog!o8sal  causes  the  muscles  of  the 
to  aid  in  the  movements  nccwwary  for  articulate  s|>ecch. 

ILLDSTItlTIO^  or  Tnx    UrrOOLOUAL  SKBYB. 

^^.173:  1,  medulla  oblongata;  2,  glosso-pliaiyngeal ;  3,  pnetuno- 

r!«.  in.  gastric;  4,  superior  laryngeal ;  5,  api- 

f'"^  '*       ^flk  '"^^ '  ^) 'ii'st  cervical  pair:  7,  second 

pair ;    8,  tliird  pair ;    9,  fourth  pair ; 

10,  lingual;    U,  origin  of  hypoglofr 

snl;    1 2,  anastoinottis  of  hypoglossal 

with  first  cervical;    13,  anastomosis 

with  nervous  loop  of  two  first  oervi- 

cals  ;    14,  descending  branch  of  hy- 

X>^n|flP|B^^^B^V  poglossal,  anastomosing  with,  15,  de> 

-^■.'m^^^mi^^^  scending  branches  of  cervical  })lexu8: 

16,  twig  of  thyi-o-hyoid  muscle;  17, 
^* '''    '  '^  branches  of  hyoglossus  ;    18,  recur- 

rent branch  of  slylo-glosaas ;  19,  branches  of  genio-hyoid;  20,  plexiform 
branches  of  hypoglossal;  21.  anastomotic  branch  with  the  lingual;  22. 
branch  for  submaxillary  ganglion ;  A,  vertebral  artery ;  B,  external  car- 
otid; C  Ungual;  D,  temporal ;  K,  internal  maxillary  ;  a,  portion  of  lh<* 
condyle  of  the  occipital  bone ;  b,  median  section  of  atlas;  c,  styloid  pro- 
^oess ;  d,  stylo-glosftus  ;  e,  stylo-pharyngeua  ;  /,  hyoglossus  ;  jr,  geulo- 
lOB ;  Ay  pter\'goideus  exlemus ;  i,  pterygoideus  intemus. 


or  TBE   rHBBXtO  VKBVB. 


Althougli  the  phrenic,  or  internal  reapiratory  nerre  is  not  strictly  in- 
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THE  UQKAT  SYMfATUKTlC. 


Tba  phmic  eluded  in  the  group  now  under  nonsidemtkni,  yet,  coiisulcriiig 
•»«^-  its  imjKiitant  connection  ■with  the  motJona  of  respiration,  it  i» 

proper  to  describe  ttnd  inu^trate  it  here. 

It  tiTticB  (roni  the  third  and  t'ourtli  cervical  ncrvea,  aided  hy  a  branch 
t'roin  the  lifth,  or  froni  the  brachial  plexus,  and  from  the  sympathetic 
tn  ittf  descent  it  comnuinieates  with  the  lower  cervical  ganglinn,  cntcrx 
the  tiiorax  between  the  nubclavian  vein  and  artery,  and,  pairing  alon;; 
the  side  of  llio  pcricardiuni,  descendH  to  the  tliuphragni,  ihi;  right  plirenie 
tieing  ptirpcndicular,  and  the  k'ft  nnmtng  obliquely  round  the  apex  of  the 
lie-art.  It  is  rlistrihuted.  fort  lie  most  part,  to  both  facca  of  the  diaphragm. 
'Buperior  and  infei-ior.     It  is  the  motor  nerve  of  tUc  diaphragm. 
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ills  plin-uk  rifri 


tLLVSIRATIOX   or  TIIK   rnilEStC  KlinVK. 

J^iff.l74:  1, 1, root  ol' the  phrenic 
nerve,  furnished  by  the  fourth  cer^'i- 
cal ;  3,  2,  routs  frum  the  brachial 
plexus :  anastomosis  of  this  ncr^'c 
with  branch  of  the  subchivion  ;  4. 
HtiH^toniOKis  with  the  inti-.rior  cer- 
vical ganglion;  6,  0,  curve  of  the 
hypoglossal,  cut,  sending  a  twig  to 
the  phrenic  nerve ;  6,  (J,  |)ericardiou 
braiiuhes  of  the  pluTetiic  nerve ;  7, 
7,  branches  to  the  superior  face  of 
the  diaphragm;  S,  8.  branchea  to 
the  inferior  face  of  tin;  dia])liragni ; 
0,  anastomoses  of  these  IjrancheH 
with,  10,  tlie  solar  plexus;  11. 
transverse  communication  of  the 
phrenic  nerves. 


OK   TMH   ORKAT  fmrATHKTIC   KEKVK. 

Under  the  doaignatiotm  of  Bympatlictic,  visceral,  tri splanchnic,  gangU- 
Pmltitm  wid  ^"'^  intercostal,  or  nerve  of  organic  life,  passes  a  series  of 
uraetnrrerthe  reddish  or  gray  ganglia,  intercoimected  by  nervous  strands, 

^i^mpaUwiic.  cjrtcnding  along  ftach  side  of  the  vertebral  column,  from  the 
head  to  the  coccyx,  communicating  with  all  other  nerves  of  the  body, 
itjid  distributing  branches  to  tlie  intf'-nsol  viscera,  or  organs  of  involunto- 
ry  function.     These  ganglia  are  less  numerous  tlian  the  vertebra-;  the 

fchain  on  each  side  communicates  with  its  colleague  through  plcxusiit, 
and  the  ganghon  impar  is  the  common  uniting  point  on  the  coccyx  be- 
low. By  KOme  it  Ik  supposed  that  the  gangltou  of  Kibes,  and  by  others 
tlutt  the  pituitary  body  lias  the  same  funotiou  in  the  cranium  above. 


COHXeCTIOM  OF  SYMPATUETIC  AND  CiPIKAL. 


&4fi 


Wliat  are  here  spoken  of  as  nervoos  atrands  are  perliH|)i}  more  cotredlj 
pTolongatioiiK  of  the  ganglia  themselves. 

The  ori^n  of  the  8yiii|>aLheiic  has  bticti  long  a  eubjcct  of  dispute,  eomc 
anpiwisin;;  that  it  is  a  t*pe<:iii!  «yKl»*in,  of  which  lli«  gaiigliu  aro  Origin  orutv 
so  many  independent  centres,  eslabliahing  incitlciilal  commu-  s/miJitiiotJi:, 
nications  wit}i  thn  ccrcbro-spiital ;  othcra,  that  ita  origin  ia  in  the  internal 
viscera,  mid  its  torminatton  In  the  cerpl>ro-,'*pinal  systpm,  this  opinion  be- 
ing supported  by  the  alleged  facU  that  the  sympathetic,  in  iUt  devciop- 
ment,  appears  before  the  other  parts  of  tlie  nervous  system,  and  simulta* 
nconsJy  with  the  splanchnic  org;ini>,  and  that  it  has  been  found  in  mon- 
sters without  a  brain  or  spinal  cord ;  othcru,  again,  suppose,  tliat  it  orig- 
inates from  thd  TQMa  of  tJic  ccrcbro-S|)iim]  HVHlmi,  and  t<?mniialc<i  in  the 
interior  organ?.  TU-gnrding  it  in  thi?*  light,  some  have  imputed  iln  origin 
to  oil  the  spinal,  and  filth  and  sixth  cratiinl  conjointly ;  others  have  lim- 
ited it  to  the  two  latter. 

The  pnonraogafltric  ner\'c  aids  it  in  forming  three  of  its  plexuses,  the 
pharyngeal,  cardiac,  and  solar.  In  certain  respects  the  pncu-  BeUitoot  rf 
inogaetric  and  sympathetic  seem  to  exhibit  a  reciprocal  do-  I*j'ic","^^J^. 
velopment,  in  Bomv  of  the  lower  animals  the  former  pre-  p>ii>»ii<i- 
dominating  over,  and  supplying  tlic  place  of  the  laltej-;  and  this  replace- 
ment, it  is  said,  goes  on  in  the  descending  aerica  until,  in  the  cephalopo- 
dona  mollufiks,  the  sympathetic  has  disappeared,  and  the  pnenmogaatric 
takes  ita  pkcc. 

rfy.it^  ^  Fig,  175  illin<trates  the  relation 

of  tlie  sympathetic  and  spinal  nerves: 
c,  c,  anterior  fissure  of  the  spinal 
cord ;  a,  anterior  root  of  a  dorsal 
ppiiial  nerve;  py  posterior  root,  with 
its  ganglion:  a',  anterior  branch;  ^, 
posterior  branch ;  j,  s^nnpathetic;  «, 
its  double  junction  with  the  anterior 
branch  of  the  spinal  nerve  by  a  white 
and  a  gray  tilament. 

The  aympatlietic  chain  therefore 
establishes  comiections  c«nn«>c(i(^n  i>r 
with  the  eerebi-o-spinal  iXta'^. 
BVfltetn.  Each  spinal  »«n. 
nerve  is  brought  into  relation  with 
it  through  two  strands,  a  tubular  or 
white,  and  a  gelatinous  or  gray. 
The  tubular  or  wliite  strand  may  be 
regarded  as  actually  arising  from  the 
ppiiial  cord,  and  consisting  of  motor 
tMmawm  (.(ih«  .pni-iiiMie  vid  ipiniLi.  ajjj  scnsorv  fdamcnts.     U  makes  its 
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way  to  tbe  ganglion  of  thu  syinputLetic,  passes  over  aiid  through  it«  it« 
fibres  conjouiing  tliciiiHclves  wiili  gray  onus,  wliicli  tliny  liave  gathered  in 
tlie  ganglion.  TIir  grity  or  gclnliuous  root  is  to  be  viewed  as  having  its 
"origin  in  the  ganglion  oi"  the  sympathetic,  nnti  sending  its  librty  chiefly 
to  the  ganglion  on  the  posterior  root  of  the  spinal  nerve,  but  few  of  them 
douhtfidly  communicating  with  th<^  anterior  root.  The  fibres  which  seem 
to  enter  (lie  cord  arc  probably  for  the  supply  of  blood-vessets.  Each  oi 
these  sympathetic  ganglia  is,  therefore,  a  nervous  centre,  sending  fortii 
strands  in  three  directions  ;  lal.  To  join  the  spinal  fibres  in  their  distri- 
bution ;  2d.  To  tlie  spinal  cord  itsell',  or  cktc;fly  to  the  ganglia  on  the  pos- 
terior roots  of  its  nerves ;  '6d.  To  the  next  sympatlictic  ganglion  above. 
Sympaibatle  In  the  various  pIcxuAca  of  the  tiympatlietic,  vesicles  sre  fonnd, 
plMtusBs.  irom  whidi  gray  fibrcjs  seem  lo  originate.  The  bmnchcs  whidi 
supply  the  viscera  constantly  form  plexuses  ;  the  arteries  arc  surrounded 
with  such  a  net-work.  Tiie  splanchnic  ganglia,  willi  their  interconnect^ 
ing  strands,  and  t;upplics  from  the  ccrebro-spinal,  give  rise  to  four  great 
plexuses:  the  pharyngeal,  tlic  oirdiac,  the  solar,  and  the  hypogastric. 
The  tirst  and  last  o(  these  urc  in  symmetrical  pairs ;  the  other  two  ore 
single,  and  placed  on  tlie  median  lino. 

From  its  construction  the  sympnthctic  can  not  be  regarded  as  an  iso- 
Ptvi  lefflicM  ^***^*^  ^"^  self-acting  system,  since  all  its  branches  contain 
of  •viiipBiiiofk  fibres  derived  from  the  cerebro-spinal.  In  function  it  nittst 
giDglift.  therefore  be  adjuvant  lo  that  system,  and  it  must  be  admit- 

ted that  the  motor  and  sensory  qualities  of  the  included  spinal  tibres,  ac- 
cording an  they  Iiavc  been  derived  lironi  the  anterior  or  posterior  columns 
of  tlic  conl,  am  continued  in  their  u^ociation  with  the  sympathetic. 
Henoe,  in  bo  far  ns  being  a  compound  nerve,  it  possesses  both  those  func- 
tions, and  tills  conchision  is  corroborated  by  »uch  facts  as  those  of  the 
distribution  of  the  sympatlietic  both  to  muscular  portions,  as  to  ibe  heart. 
and  also  to  sensitive  ones ;  by  the  circumstance  that  the  intestinal  canal 
from  the  Htomach  to  the  end  of  the  colon  receives  its  nen-ous  supply 
fironi  this  source  alone.  Kxpcriments  on  the  sympathetic  ganglia  estab- 
lish a  similar  conclusion,  Irritation  of  the  coeliac  ganglion,  for  instance, 
giving  rise  to  increased  peristaltic  motions,  and  pathological  observations 
iumishing  like  evidence  as  regards  the  sensory  function.  Compared 
with  other  nen'c  tmnks,  the  sympathetic  is  much  less  active  in  these  re- 
spects, a  high  irritntinn  of  tlie  parts  supplied  by  it  often  being  required 
lo  cause  pain,  and,  in  like  manner,  its  motor  tihrca  are  little  under  tluj  irt- 
fluoncc  of  the  will. 

The  sympathetic  transmits  sensulions  so  tardily  that  it  has  been  sup-k 
pOMd  that  one  office  of  its  ganglia  is  for  the  purpose  of  cutting  off  sudl 
impressions ;  and,  in  like  manner,  when  motor  tibrcs  of  the  cerchro-spi- 
nal  system  pass  through  its  ganglia,  their  conducting  power  appears  to 


THK   OREAT   STMPATnETtC. 


I 


W  impaired.     There  does  not  seem  to  be  any  decimivc  proof  tliat  Any  of 
Uie  fibres  of  the  B^-mpsthetlc,  properly  spejiking,  are  motor  or  sensory,  or 
that  its  gttiiglia  produce  rullcx  action,  the  agency  which  it  exerts  in  these' 
RspectA  on  the  muscuhu  titructure  of  the  heart,  hlood-vesacls,  digestive 
or  urinary  organs,  being  due  to  the  associated  ecrebro-spinal  fibrcH. 

In  thiit  manner,  by  its  distribution  to  tlie  arteries,  the  sympathetic,  as 
•  componnd  nftrvc*  exerts  a  power  over  tlie  pasAsge  of  the  blood  through 
tfa«m  by  influencing  their  contractility,  and  thereby  their  diameter.  In 
virtue  of  this,  it  therefore  nficcts  the  rapidity  of  accretion,  and  also  regu- 
Utcs  the  rate  of  nutrition.  Tlie  entire  digestive  tract,  with  its  depvnden- 
dea  are  thus  brought  under  its  influence,  the  xalivary  gland;*,  phar^-nx. 
OBOpbagus,  stomach,  intestine,  nasal,  bronchial,  and  pulmonary  snr> 
kfoea,  etc. 

TIic  view  of  the  fiinction  of  ganglia  pnwenled  on  prewding  pagca  is 
strongly  supported  by  the  mochaniBm  and  phenomena  of  the  .  ., 

S7Tn{>athctic  nerve.     Its  ganglia  permit  the  influence  passing  nt»)-.oin  of 
along  tlic  nervous  cords  to  escape  therefrom  into  new  chan-   *^"' 
Qe^  and  also  retain  and  store  up  nenous  power.     They  become,  there- 
^nst  niagaziucs  of  foroc,  and  ore  hence  capable  of  stistaining  rhj'thmie 
■novcinciilit.     Even  after  organs  have  been  cxseeted,  they  wiU  still  exhib- 
it, under  the  itiHuunee  uf  the^o  ganglia,  their  accustomed  motion,  as  is  the 
c«sc  with  the  heart,  which,  in  some  of  the  eold-hlooded  animats,  will  con* 
tiling  its  contraciiona  for  many  hours  after  it  hos  been  cut  out  of  the  body, 
I  tbcretbre  regard  the  sympathetic  system  as  having  for  one  of  ith 
functions  the  e<iualization  or  bohmciug  of  the  nervous  condntion 
%in».  storing  up  all  transient  excesses  of  it,  and  himishing  ^n^i^^^lrfih. 
1  transient  delteiencius.     As  in  a  medianieal  contrivance,  •viitp&thetic 
which  the  prime  mover  works  in  an  irregular  way,  the  fly-wheel  Iiar- 
monizea  all  such  variations,  storing  up  or  supplying  {lowcr  as  tin  cir- 
crxunstanees  may  require,  so  docs  this  complicated  apparatus  act  in  the 
meclianuim  of  innervation.     And  it  is  worthy  of  remark,  that  some  such 
«zrangcracnt  would  seem  to  be  necessary,  since  the  organs  of  digestion,  to 
'whicli  the  sympathetic  is  so  largely  directed,  are  periodically  in  activity 
mad  periodically  (juiescent. 

It  ia  to  he  greatly  regretted  that  the  U:Tm  sympathetic  haa  boen  ap- 
pUr«]  to  this  important  nerve,  sim*!  that  term,  as  delining  functt^m,  lias 
led  to  the  iiromulgatiun  of  iheorctical  views  which  have  exerted  an  infln- 
nocc  to  the  disadvantage  of  tlie  progress  of  physiology — views  which  will 
Biot  bear  the  test  of  anatomical  criticism,  and  which  are  therefore  incor> 
TtdU  It  is  always  much  better  to  give  designations  iu  allusion  to  struc- 
Ciue  or  position  than  to  Unction,  especially  where  the  function  is  doubt- 
filL  For  this  reason,  the  title  of  intercostal  is  much  preferable  to  that 
of  nerve  of  organic  lil'e,  and  trisplanchnic  better  than  sympatbeUc — an 
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imposing  but  m^'sterioas  cpitltet,  wliich  hits  been  a  scarce  of  iiijuty  to 
the  science,  antl  which  it  would  be  well  even  now  to  replace  by  such  n 
term  ss  vincular  or  moniliform  nerve,  or  some  title  of  equivalent  import. 


■LLrvnunox  or  me  crkat  •TMrATiisTic. 
Af  ITC 


^^  /;>/.  17fi:   1,  globe  of  the  eye, 

TaJUHB*  dissected  so  aj4  to  show  the  ciliarv 

nerves:  2,  branch  of  ihe  inferior  ob- 
Utjue  and  the  motor  root  of  the  oph- 
thalmic ganglion  ;  3,3,3,  ihn  Uirpc 
brani^hps  of  the  tnfacial,  in  connec- 
tion with  most  of  the  cranial  gan- 
glia, that  is,  with, 4,  ophthalmic  gtui- 
r-'  ~/W3^ttH^^K' V^  glion,  5,  8}ihcno-pal  aline,  0,  otic,  7. 

subniaxill«r>',  and,  8.  sublingual ; 
1>,  external  motor  octUi ;  10,  lacul 
and  its  anastomosi>.s  with  the  sphe- 
no-palatine  and  otic  ganglia;  11, 
glo88o  -  pharyngeal ;  12,  12.  right 
pncumogafllrir  ;  13,  left  ])rieumo- 
gnstric;  14,  spina] ;  Ifi,  hypogloe- 
snl;  1(>.  1(),  cervical  plexus;  17, 
brachial  plexus:  18, 18,  intercostal 
nerves ;  19,  19,  lumbar  plexus  : 
2D,  uacral  plexus ;  21,  flii]HTior  cpj- 
vical  ganglion,  ftirrrishing  two  caro- 
tid brunclR'^,  forming  the  carotid 
plexus  around  the  arter>'  of  thai 
name,  and  from  which  ari»o  the 
anaBlomoses  with,  22,  nerve  of  Ja- 
cobson,  23,  carotidbrnnch  of  vid- 
ian ncr%-e,  24,  extcnial  motor  Ofr- 
nli,  25,  ophtiiolniic  ganglion;  26, 
twig  for  the  pituitary  glaiid ;  27, 
ana.stomosi»  of  snpcrior  wrvical 
ganglion  with  the  tirst  cervical 
pairs;  28,  carotid  and  pliarj-ngeal 
branches ;  29,  pharyngeal  and  in- 
tcrcarotid  plexus  ;  SO,  laryngeal 
hnmeb,  anastomosed  with  the  external  laryngeal  of  the  pneumogastric ; 
31,  superior  cardiac  nerve  ;  32,  stranda  of  junction  of  tlK*  su[)erior  cervi- 
cal ganglion  with,  33,  middle  cervical  ganglion :  among  the  intcmal 
branchea  pf  llm  latter  arc,  34,  tliti  anastomotic  wiih,  3^  the  recurrent 
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^niddle  cudiac  nerve ;  HI,  straiul  of  Junction  of  muldle  cervical 
^ti^ion  witli.  <^8,  inferior  cervical  ganglion  ;  40,  twigs  fiirnishcd  l)y  in- 
ferior cervical  gajigliou  around  tlie  subclavian  and  vertebral  arlenes  :  41, 
anutomolic  branch  witli  the  lirst  intercostal  nerve ;  42,  cardiac  jjlexiu 
md  ganglion  :  4^1,  44.  (secondary  ])lexiises  of  right  and  left  coronary  ar- 
teries ;  from  45  to  44i,  thoracic  ganglionary  chuiu ;  47,  Ihc  great  s|)laiich- 
nic  traversing  the  diapkrugin,  and  going  lo,  48,  Hcmiluniir  gau^on  ;  49. 
iittle  Kplanrhnic ;  50,  solar  plexus,  receiving,  ol,  RnasloranHis  of  pneu- 
■0gastric,.'i2,plirenic nerve;  riS.  gastric  coronary;  54,  hepatic;  55,  splc- 
I    m'c ;  56,  aajierior  mesenteric,  enveloping  the  arteries  of  those  names ;  .57, 
naud  plexus ;  from  5ti  to  58,  lumbar  ganglionic  chain  ;  59,  himlxwaortir 
plextia,  presenting  two  enlargement*,  one,  tiO.  above,  the  other,  fil,  below 
the  bilurcation  of  the  aorta;  62,  spermatic  plexu«;  (^,  inferior  niesentoric; 
64,  hypogastric  plcxuw  ;  65  to  (>.5,  sacral  ganglionic  chain ;  tiU,  terminal 
coccygeal  ganglion ;  A,  heart,  slightly  turned  aaide  lo  show  the  eanliac 
plmnu ;  B,  arch  of  the  aorta,  also  drawn  aaide  by  hook ;  C,  innoniinata  ; 
I>,  sntx'lavian.  cot,  to  show  inferior  (^rrvlral  ganglion ;  JI,  inferior  thy- 
roid ;   F,  portion  of  external  carotid ;   (J,  int(TTial  r-anotiii ;   H,  thoracic 
aorta;    I,  abdominal  aorta;  J,  primitive,  iliac;   K,  intercoatals ;  T^  pnl- 
Ttioriary  artery,  of  which  the  right  brancli  is  cut ;  M,  superior  vena  cava, 
rcrut  at  its  origin;  N,  vena  cava  inferior;  O,  pulmonary  veins;  «,  lach- 
[Tyinal  gland ;  6,  sablingual  gland ;  c,  anbmaxUlary  gland ;  d,  th_\Toid 
Ixxly  ;  f.  trachea ;  J\  atsophagUH,  going  to,  ff,  tlio  BtOPiacli ;  A,  sevoral  in- 
leatitial  Inoprt  with  naprrior  nuwciiteric  plexus;  /,  tranavcrae  colon ;jr*, 
loid  Hexure  ;  A\  n-ctum  ;  I.  bladder;  m,  ureter;  n,  prostate;  o,  ve- 
'*»■  ""■  sicula  seminolis ;  p,  vas  defcicns ;  y,  sperm- 

atic cord  ;  j-,  /*,  diaphragm. 


TSK  imxntntai,  puixdikb. 
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Fif/.  177:  1, 1, 1,  I,  portion  of  the  right 
and  left  ganglionic  chain ;  2,  coccygeal  gan- 
glion ;  3,  median  anastomosea  of  the  tvo 
wwral  cords ;  4,  4,  great  splanchnic,  right 
and  left,  traversing  the  diaphragm,  and  go- 
ing to,  5,  5,  semilunar  ganglia ;  6.  M^Iar 
pie?;us;  7,  splenic  plt^xus;  8,  he]>atic  plex- 
us; 9,  coronary  plexus  of  Btomacb:  10, 
anastoinnnes  of  the  two  pneuniogastrics, 
right  and  left,  with  tudar  plexus  and  gastric 
coronnry ;  11.  diaphragntalit;  plexua  and  su- 
perior capstdar;  1 2,  anaiitomoaea  of  these 
two  pifxuiaes  with  the  phrenic  nerve;  I.t, 
middle  capsular  plexus :   14,  inferior  ca]>8u- 
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Ur  picxtig,  coming  fifom,  lH,  mnal  plexus;  16,  16,  Inwer  spli 
o-aviTsing  the  diaphragm;   17,  superior  moseiittric  plcxun;   IH, 
atic  plexus,  arising  from  three  sonruca,  the  rctini,  lumtxvaortic,  and 

ic;  from  19  to  11*,  luin bo-aortic  plexus;  20,  20,  its  bifhrcatioai ; 
21,  inft^rior  mesenteric  plexus ;    2SJ,  22,  its  anaatomoses  with,  2.'V  23, 
hypogastric  plexus  on  each  side;  24,  24,  sacral  plexus  ;    a,  diBphragiu. 
cut ;  &,  portion  of  stomach  aiid  oesophagus ;  c,  spleen ;  (/,  kidney  aud  il^ 
supra-tcoal  capsule ;  e,  testicle ;  J^,  ureter,  cut ;  A,  A,  aorta. 

TUE   MLAS   rUCXU*. 

J^i^.  178:  1,  solar  plexus,  furnishing,  2.  hepatic  plexafl;  3, 
coronarj-  plexus,  and,  4,  eplcnic  plexus :  5,  anastomoses  of  right  and 
pneumogastric  with  the  M>lar  plexus  and  gastric  coronary ;  G,  In  im  hiiw  i 
of  pueuiuogastric  going  to  the  liver;  7,  plexus  of  biliary  ducts ;  8,  origir^^Eui 
of  superior  mesenteric  plexus;  i>,  renal  plexus;  10,  capsular  plexus  '; 
11,  ll,epennatic  plexus:    12,  commcncemotit  of  tumbo-aortic  plexas  -; 

1 8,  portion  of  inferior  mesenteric  plexus:  a,  the  liver,  nused ;  fr,  the  stom- .^k)> 
och,  cat  at  its  great  end ;  c,  the  spleen ;  d.  the  kidney ;  e,  ludoey,  cat        j^ 
f,  supra-renal  copsnlc  ;  g,  ff,  ureters ;  j\i,  in 

A,  daodennm ;  t,  >,  pancreas. 
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F'ig.  179:   1,  superior  mesenteric  plexus,  surrounding  the  divisions  of 
the  artery  of  the  same  name,  and  offering  many  flat  gimglia ;  2,  portion 
rtf  inferior  mesenteric  plexas;  a,  caecum  and  appendix  venniformia ;  6,i.. 
transverue  colon;  c^  portion  of  small  intestine. 
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CHAPTER  XVnL 

OF  THE  VOICE. 

Otigill^^  Votta, —  CW^wmfing  PttymtU>-ji/  o/ XoUp,  So^,  Voir*, — JX*ti»tii<m  htheteit  S»S 
(Dw/ j^iMOl. —  IV  LaryMfOtnl  tr<  Ar'uin  in  .Vi'wyi'wj, — i/afinr't  JCjplanalion  nft/kr  Adimi  of 
lAt  Voral  Oryatit.—Sp^'>nif  AaimaLi  ami  AfurkiiKt. 

Natiav  t^  H'on/f  tni/  Otrir  roniiitaatt  SmaulM. —  I'misrlt  mui  CbnaoHanlr. —  H'^jjirriiig. — Car 
tjftke   I'oilt:  ({/' AmtariOi. 

'  (^  iMigintfftt:  theif  l>iiratiiai,  t.^artirltr,  HUtwy. — Ht^Onf  of  SvmA  hj)  Writiiig  <md  Pritl- 
i^. — Muticat  Signt. — AfySr^ttk  If'rifiii^. 

Foil  the  production  of  the  sounds  necessary'  for  intercommunicatioii 
among  the  higher  aniinnts,  and  particularly  for  the  speccii  of  Voice  kHm* 
man,  it  might  bi:  nujiposcU  thai  fionip.  complicated  and  dab-  p'3iic"  rf 
oratQ  contrivance  must  necda  Iw  resorted  to.  Tliia  object  is,  rMpimUon. 
however,  accomplished  by  merely  employing,  on  its  escape  from  the  sy»- 
tcni,  the  wasted  product  of  respiration,  the  breath,  which,  aa  it  issues  out- 
ward ttirougli  the  respiratory  [)U5t<ngcs,  ^Xs  in  motion  a  simple  mechan- 
ism, and  thereby  originates  all  the  exquisite  modulations  of  song,  and 
all  tlic  imprciiRivc  utlcnuiccjf  of  speech.  Is  it  not  to  be  admired  that 
thus,  out  of  dead  and  dlmniiiiKcd  matter,  re«ult«  of  m  hi<;h  an  order,  ma- 
terially and  mentally,  arc  obtained  i^ 

What  might  be  termed  the  comparative  physiology  of  the  voice  is  very 
dimple.  It  appears  first  in  invertebrate  animaU  as  a  mo-  „ 
notonous  noise  or  cry,  which  gradually,  in  higher  tribes,  be-  piiyniuiogy  of 
comes  more  varied  in  loudness  and  note.  It  is  worthy  of  ""'"'"• 
remark  that,  in  the  Uiflerent  stages  of  his  existence  man  himself  funiishes 
ED  illustration  of  this  course.  Voiceless  before  birtli,  with  a  piteous  or 
monotonous  cry  in  early  infancy,  articulate  K])eccli  and  song  are  the  re- 
salt  of  edtii^tiun,  and  tlirough  these  the  power  ia  eventually  gained  of 
expressing  the  most  refined  emotions  and  the  most  elevated  ideas.  The 
flolitory  bell-like,  aound  which  the  nudibranchi.ite  gastcropods  emit,  thus 
{)roduccs,  by  its  successive  improvements,  a  wonderful  result  at  last. 

Among  insects  the  modes  of  producing  sounds  arc  v^ry  various,  some 
effecting  it  by  (Hircussion,  some  by  the  friction  of  homy  or-  p  ,]    ..      ^^ 
gans.      In  others,  the   extremity  of  the  trachea,  throngh  rodimuiuiT 
which  the  air  c^na|X'8,  is  accommodated  with  vibrating  mem-  **"'" 
bmnes.    According  lo  Tturmeister,  the  contractions  of  the  muscles  of  the 
wings,  which  are  brought  rigorously  into  action  during  Bying,  occasion 
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an  alternate  pressure  and  relaxatioir 
upon  tlie  trui:hcal  tiiboR.  The  air. 
thu8  passing  in  and  out^  throws  into 
vibration  the  valves  of  the  spiracle, 
which,  as  seen  in  J'^iff.  ISO,  are  sus- 
pended upon  a  dnxcn  or  more  fiexiblp 
supports ;  hut  their  free  edges,  ap- 
proaehiiig  within  a  certain  distance  of 
each  other,  are  thrown  into  quick  vi- 
bration hy  the  pa-ssing  current,  in  tlip 
same  manner  afliatlieviljraiiri^  spring 
of  tho  acoordnon.  These  vibrating 
platrs  t>f  inwcts  arc  the  rudiments  ol" 
apiro-i-rfin-rcL  ^^]^^^  ^^jjj  be^.o^g  ,[je  perfect  vocal  ap- 

paratus in  man.  AgftJn,  in  others,  the  awiftly-recurring  beating  of  the 
wings  produces  a  sound,  as,  fnr  example,  in  the  musquito.  Among  ver- 
tebrated  auimala,  those  which  breathe  the  air  are  vocal,  nearly  all  tiabcs 
8<ranii*  of  r"p.  being  mute.  From  fishes,  as  we  pass  upward,  the  sound 
■ilM  ■nj  WnTii.  ynj  ^\^^  instrument  which  makes  it  increase  together  in  com- 
plexity. Through  a  simple  chink,  the  air  expelled  from  the  respiratory 
soca  of  snakes,  by  the  contraction  of  their  abdouunal  rausclea,  issues 
forth  as  n  mere  hiss,  tho  sound  being  incrensed  in  the  frog  by  the  devel- 
opment of  resonant  cavities.  From  those  simple  noisej*  we  are  conduct- 
ed to  the  musical  notes  of  birds,  some  of  which  are  of  exquisite  purity 
and  sweetness.  Tn  these,  the  vocal  glottis  is  situated  at  the  bifurcation 
of  the  trachea,  another  glottis  being  above  for  the  Hnal  es- 
cApo  of  th<)  air.  ThcKR  vertebrated  atiiniats  first  intruttucu 
us  to  the  iiieehanism  for  articulate  speech,  the  raven  and  parrot  being 
able  to  pronouneo  words  with  distinctness.  The  articulation  is  effected. 
as  in  man,  by  the  motions  of  the  tongue  and  other  portions  of  the  mouth. 
For  the  further  consideration  of  this  subject,  it  is  necessary  to  under- 
y..  .  .  .  stand  that  there  is  a  distinction  between  song  and  speecli. 
twiKtnmngjiii.1  Song  is  produced  by  tlie  gUvttis,  speech  by  the  niouth;  or, 
perliaps,  a  more  correct  stjitemcnt  would  be,  that  the  larynx 
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is  the  organ  of  song,  the  mouth  of  that  form  of  e]>eech  which  we  call 
whi8i>ering,  and  for  which  notliing  is  required  but  a  stream  of  air  issuing 
JTom  the  fauces,  the  tongue  and  otluT  organs  giving  it  arliculntion.;  but 
for  audible  speech,  a  noise  is  created  in  the  larynx,  and  modified  by  ar- 
ticulation in  the  mouth. 

The  double  larynx  of  birds  is  replaced  by  a  single  latynx  in  man, 
which  aenes  at  the  same  time  for  the  cntnmce  and  exit  of  air,  and  like- 
wise for  Toealination.  Those  birds  in  which  the  lower  lar^iix  is  absent 
are  voiceless.     A  general  idea  of  the  constructioti  of  the  organ  of  voice 
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in  man  may  he  gathered  by  8up|)osing  it  to  W  comjwsetl  of  three  por- 

tiotts,  tlie  tracbea,  the  larynx,  and  tlie  mouth-     The  trachea  i>p«Tij,iiOT,  ^f 

13  Ihe  tube  by  which  air  is  lirought  ti-om  the  lungs  aud  de-  ''"' '*0"x- 

ItTERd  into  the  larynx*  which  ia  a  supcTiK>s«d  ittruuture,  arrangoJ  upon 

ihecriooiil  cartilage,  on  which  ia  articuitUeil  the  ih}Toid  cartilage  by  it.: 

lowef  honiH,  around  whicli  a  certain  degree  of  rotation  can  be  accoropHsIi- 

d,  BO  that  the  front  of  the  thyroid  may  be  elevated  or  doprc.<tscd  with  :i 

fcndof  bowing  motion,     f'nsteriorly,  on  the  cricoid  cartilage  arc  placed 

tile  trylenotd  carlihigcs,  which  can  be  approached  or  separated  from  cacli 

odier,  and  from  their  summits  pasa  to  tlie  front  of  the  thyroid  cartilagr 

lie  inferior  laryngeal  ligaments  or  vocal  cords.     Tliese  constitute  the 

esaential  o^an  of  sound.     The  tliyroid  cjurtilagc,  by  its  molions,  can  de- 

lerminc  the  strain  put  upon  thcni,  and  the  arytenoidd  can  either  bring 

tbem  into  pftrallclism,  or  place  llieiti  at  an  aeiile  angle.      The  chink  or  fis- 

snrt  between  them  ia  the  rima  glottidis  :  it;?  figure  and  width  vary  wilJi 

the  recession  or  approximation  of  the  vocal  cords,  which,  as  the  air  puaea 

by  them,  are  thrown  inio  vibration  in  the  aanic  manner  as  the  lerd  in  rau- 

ttieal  instruments.     The  epiglottis  cartilage,  which  is  above,  guarda  the 

f  ■■age,  and  may  alno  l>e  HU])posed,  by  its  descent,  to  deaden  the  aounde. 

The  slownesA  or  rapidity  of  ilie  vibnilion  is  dqwndont  on  the  etretch 

of  the  vocal  conls.     The  manner  in  which  various  degrees  ucniuion  «r 

of  tension  can  be  given  to  the  cords  is  readily  understood  by  ihcocAicorJ.. 

Considering  their  attachments.     In  front,  as  we  have  jtaid,  they  are  fatit- 

cnod  to  the  tliyroid  cartilage,  posteriorly  to  the  arj-tenoids.     When  the 

'hyroid  cartUage  executes  a  bowing  motion  forward,  the  \'ocal  cords  are 

fm  Dpon  the  stretch,  and  similar  variations  of  their  tension  and  also  of 

^^ir  position  can  be  given  by  the  movements  of  ihc  arytenoid  cartilages 

ociund.     When  tlie  air  is  moving  in  and  out  without  giving  rise  to  any 

^und,  tho  chink  of  the  glottis  is  angular,  its  point  being  forward,  and 

^Arotn  that  the  cords  diverge  pfisteriorly.     For  the  production  of  sound, 

^•^c  cords  most  be  brought  parallel,  or  even  inclining  toward  each  other. 

*f  they  incline  away  from  eacli  other,  no  sound  will  be  produced.     Tho 

pitch  of  the  note  will  be  determined  by  the  stretch  of  llie  cords,  and  thie, 

"*  its  turn,  will  be  determined  by  the  contraction  of  the  vocal  muscles. 

Tljc  crico<thyroid  and  sIcnio-thjToid  bow  llic  front  of  the  thyroid  cartil- 

*iS^  down,  the  thyro-arytenoid  and  thvro-hyoid  carry  it  back ;  the  for- 

j*t«f  ihuroforo  stretch  the  cords,  and  tho  latter  relax  them.     The  opening 

^P^  die  glottis  is  likewise  determined  by  other  muscles,  the  posterior  cri- 

^P^-ori-tenoid  dilating  it,  and  the  lateral  crico-arytenoid  and  tho  transverse 

^F*">'Ienoid  closing  it. 

/•^ff.  181,  p.  354,  is  the  larj-nx,  seen  in  profile:  u,  a,balf  of  tho  hyoid 

**ot3e;  i,  thyroid  cartilage,  mt ;   c,  thyro-hyoid  membrane;  rf,  cricoid 

^^*«tUage ;  tf,  trachea ;  _/',  cesophagus ;  g,  epiglottis ;  A,  great  horn  of  the 
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Ftf  t<i.  thyroid  cartilage,  nniled  to,  t^  the  grrat  horn  of  the  oatsf- 
oiiles  by,  ^,  llie  lateral  thyro-hyoid  lignment ;  t,  thyn-hyisiA 
mcmbnne,  travereed  by  the  superior  laryngeal  nerre;  n. 
'j  postwior  crico-arj'tenoid  muscle ;  «,  lateral  crico-axyteaoii: 
1.  interior  laryngeal  nerve:  2,  posterior  crico - axyteunl 
tn-ig8 ;  3,  IbIctbI  crico-arytenold  twigs ;  4,  tbyro-eiytettiul 
twigs ;  5,  arytenoid  twig. 

J^ff.  182  is  tlie  posterior  \-iew  of  the  htm         r.^?  if- 
i^di»ori.r)rBx,  yni :  d,  buc  of  the  totigoe;  A,  posterior  boi^ 
der  of  the  thyroid  cartilage  ;  f,  c,  thjToid  body ;  d,  pos- 
terior crico-arj-tenoid  muscle ;  <?,  arytenoid  muscle ;  1, 1, 
superior  loryiigeal,  traversing  the  superior  thyro-hyotd 
membrane,  and  giving  off  lingual  and  epiglottic  branchut 
and  others  to  the  mucous  membrane  covering  the  poet*- 
nor  face  of  the  larynx  ;  2.  twig  for  (he  arytenoid  niusclc ; 
?i,  annatomotic  of  (ialien ;  4,  inferior  larpigeal ;  >'>,  tra- 
cheal branchcfl ;  fi,  twig  for  tlie  posterior  crico-arytenoid  ""tm- 
muscle ;  7,  twig  for  the  ar}*tenoid  muscle :  8,  branch  for  the  lateral  ctttft- 
arytenoid  andi>oglerior  cricowuytenoid  muscles. 

The  researches  of  Mtillcr  furnish  the  best  account  we  possess  of  itit 
Volki^  ox-  action  of  the  vocal  organs.  IJe  has  shown  tliat  the  lamx 
S!wii^  ofiiH  ^^  OBScntially  a  reed  instrument  with  a  double  memhranoa 
Tocal  DTKint.  tODguc.  Tliat  the  riiiia  glottidis  is  iho  sent  of  the  origia  d 
the  sound  is  proved  by  the  fact  ihut  when  an  aperture  exists  in  tliet» 
chca  below  the  glottis  the  voice  disappears,  but  if  altovo  the  glottis  dun 
is  no  effect.  U^endie  records  the  cane  of  a  man  who  had  a  tistsldns 
opening  in  his  trachea,  and  who  could  not  speak  uuluss  he  closed  it  et 
wore  a  tight  cravaL  Moreover,  the  human  or  animal  larynx  can  be  im^^ 
to  produce  its  characteristic  soundH  with  more  or  less  dL^tinctneas,  aftttit 
has  been  rcmovtul  from  the  body,  by  directing  a  current  of  air  throsgh 
the  trachea.  Cases  have  occarred  wliich  have  afforded  tlie  opportunii 
of  observing  the  condition  of  the  plottifi  while  emitting  sonnds. 
TOcal  cords  are  hrouglit  into  |)araUeli*ro  with  one  another,  and  se; 
hy  an  interval  of  scarcely  more  than  from  the  y^  to  the  -|^  of  an  iocb'i 
but  when  the  lur  is  moving  in  and  out  silently,  the  (iasure  assumes  a  d** 
vergent  or  triangular  form. 

Professor  Miiller  gives  the  following  Aoconnt  of  the  mode  of  prodi»^ 
tion  of  the  noies  of  the  natural  voice.  "The  vocal  ligaments  vibrate  ■* 
their  entire  length,  and  with  them  the  surronnding  membrnnes  and  tS^ 
thyro-arytenotd  muscles.  For  the  deepest  notes,  the  vocal  ligaments  9^ 
much  relaxed  by  the  approximation  of  the  thyroid  to  the  arytenoid  c«^ 
tilagcs.  The  lips  of  tlic  glottis  are.  in  Itus  state  of  the  laryn.x.  not  ool  ^ 
■juitc  devoid  of  tension ;  they  ore.  when  at  rest,  even  wrinkled  and  pl^ 
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catod,  but  tbey  become  Ktrctclicd  by  the  cuiTRnt  of  air,  and  thus  acquire 
the  degree  of  tension  ncccasary  for  vibraliun.  From  Lhu  dixiixtst  uoto 
thus  prodacedf  tbe  vocal  sounds  may  be  raised  about  an  octave  by  al- 
lowing the  vocaJ  cords  to  have  a  slight  degree  of  tt'nsion,  which  the  clas- 
tic crico-thyrotd  ligament  can  give  them  by  draning  the  thyroid  cartilage 
toward  the  cricoid.  The  medium  state,  in  which  the  cords  are  neither 
relaxed  and  wrinkled  nor  stretched,  is  the  condition  for  the  middle  notes 
ot'thc  natural  register,  those  which  are  most  easily  producett  The  or- 
dinor}'  tones  of  the  voice  in  speakuig  ore  intermediate  between  thc^e  and 
the  <Iccp  bass  notes.  The  higher  notes  are  produced  and  tlie  correapond- 
ing  falsetto  notes  avoided  by  the  lateral  compression  of  the  vocal  cords, 
and  by  the  narrowing  of  the  space  beneath  tliera  by  means  of  the  thyro- 
arytenoid muscles,  and  farther  by  incrcflsing  the  force  of  the  current  of 
air;  the  muscular  tension  given  to  the  lips  of  the  glottis  by  the  muscles 
above  mentioned  must  also  be  taken  into  account,  as  contributing  to  t)ie 
production  of  the  notes  of  the  natural  regiater." 

^Vii  urtiticiid  larynx,  constructed  in  such  a  way  as  to  represent  more 
or  less  perfectly  the  preceding  conditions,  will  give  rise  to  Aitifidall*. 
sounds  analogous  to  those  of  the  human  larynx.     Such  have  ^^^"^ 
been  made  of  i^^atiior,  and,  better  siill,  of  caoutchouc. 

The  narrowex  tlic  glottis  is  made,  and  the  more  tightly  the  cords  arc 
strained,  the  more  rapidly  they  will  vibrulc,  and  the  higher  will  be  the 
musical  note  emitted.  In  an  individu.il  the  range  of  the  Rpiftiiooaofthe 
voice  is  rarely  three  octaves,  but  the  mole  and  female  voice,  Urjnx  in  »ii»B- 
takcn  togetlier,  may  be  considered  as  reaching  to  four.  Gon-  "*' 
erally,  the  lowest  female  note  is  about  an  octave  higher  than  tlie  lowest 
male,  a  siiiiilar  remark  applying  to  their  highest  notes  respectively. 
They  differ  also  intrinsically  from  each  other,  just  aa  different  wind  in- 
struments sounding  the  same  note  give  it  of  a  different  (juality.  More- 
over, in  each  M'X  there  arc  different  voices  :  in  the  male,  the  base  and  tlie 
tenor;  in  the  Jcmalc,  the  contralto  and  soprano.  The  Imse  usnally  reach- 
es lower  notes  than  the  tenor,  and  tbc  tenor  higher  than  the  base;  the 
contralto  rejiclics  usually  lower  notejt  than  the  sopmno,  and  the  soprano 
higher  ones  than  the  contralto,  though  these  distinctions  are  by  no  means 
uniform.  There  arc,  again,  intcmicdiatc  complications:  thus  tlie  bary- 
tone intervcjies  between  the  Iitise  and  the  tenor,  and  the  mc^szo  soprano 
between  tlie  contralto  and  sjjprano.  The  chieJ' reason  for  the  difference 
between  the  voice  in  the  sexes  is  in  the  difference  of  the  length  of  their 
vocal  cords,  which  are  in  men  and  women  rcjijwctivcly  in  the  proportion 
of  three  to  two ;  but  besides  tliis,  those  personal  |«;culiaritic«  which  we 
80  readily  recognise  in  the  voices  of  mdividuols  are  due  to  diil'ercnces  in 
the  structure  of  thi;  tissuca  forming  the  vocjd  niecJianisiu,  or  jKiculiaritics 
in  the  size  and  condition  of  the  resonant  cavities.     Frequently  the  same 
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indiTiclunl  is  capable  of  singing  in  two  diflVrrtit  voices,  known  as  riir ji 
notes  and  t'alseiio  notes.  Tlic  cheat  notes  arc  produced  by  tiie  onliiuwr 
mode  of  vibration  ;  tbe  fiilscllo  notes,  n-hicli  arc  purer  or  more  flut;-,4a' 
conGtdered  to  be  probably  due  to  vibrationii  of  tbe  harmonic  itubdhiMOD 
of  the  column  of  air  in  the  trachea,  or  to  vibrations  of  the  inner  hotdcn 
of  the  vocal  cords. 

While  thus  Aong  is  lar>-ngra],  sjiecch,  which  is  a  tnodilication  thcrcoC 
BnaktB '  wii  '"  '"''^'  *'''  Fro<lucr<I  by  the  moutlu  Man  is  not  alone  cndoir- 
■uLtaodm*'  ed  with  the  I'acuhy  of  uttering  articolatc  (tounds:  tbcif  m 
several  other  animal<i  whicli,  by  education,  may  be  taught  to 
express  them.  Tngcniou*  meclmnics  have  also  repeatedly  inveateil  in- 
vtruineiitiri,  the  construction  of  which,  being  upon  tbe  same  principle  u 
tltat  of  the  vocal  organs,  has  combined  the  sounds  of  letters  iuto  wonk 
and  even  into  sentences,  a  con>incing  proof  not  only  of  the  mecluuiial 
nature  of  ortienlate  sounds,  but  also  of  the  jjertcct  manner  in  whiclitfif 
natural  nicchonism  is  understood.  Animals  which  have  been  taught  to 
speak  may  also  be  regarded  as  automata,  for  they  have  no  eompnim- 
sion  of  wh.-»t  it  is  they  are  uttering,  and  never  produce  articulate  cod- 
binatioiis  spontaneously,  but  only  as  tlie  result  of  instruction. 

Like  the  automata  just  alluded  to,  the  human  voice  expresses  vonh 
ffunUwUinatB  ^J"  conibinmg  their  constituent  letlera  together,     (itanuni* 
by  oanbiniag     rions  divide  letters  into  two  groups,  vowels  and  ronsoninti, 
eiitre.       dgftning  the  vowel  as  a  sound  that  can  be  uttered  by  iiarlll 
tbe  consonant  taking  its  name  from  the  fact  that  it  can  only  be  utiwed 
consonantly  with  a  vowel.     By  (wraonal  experiment,  it  may  be  ettily 
proved  that  the  vowel  is  a  continuous  sound,  which  may  W  kept  QpJ>A] 
as  long  as  the  breath  n-ill  enable,  and.  on  examining  the  position  {C 
ComoDonta   tonguc  and  other  movable  [>ortionB  of  tlie  mouth,  tbcp 
ud  v<m*u.  ftrrangcnicnt  necessary  for  pronouncing  the  letters  a, «,  i,  i>.  «• 
or  the  sixteen  or  eighteen  vowel  sounds  of  the  Continental  languages,  w 
lie  detected.     It  will  be  fonnd  that  tlic  determining  condition  is,  for  lb 
most  part,  the  peculiar  moditication  of  the  oral  ajwrturcs.     It  will  ilw 
be  discovered  that  articulation  is  wholly  independent  of  the  larynx,  sin* 
merely  by  expeUing  tlie  air  through  the  mouth,  without  jjcrmilting  m,T 
laryngeal  sound  to  be  formed,  all  the  letters  may  be  articulated  in  a  ^^ 
per.     M.  Delwni  has  illustrated  this  fact  in  an  ingoniona  way  by  («"• 
ting  an  India-mbhrr  tulic  tlirough  the  nostril,  bo  as  to  reach  the  jnsl^ 
rior  portion  of  the  mouth,  and  causing  another  individual  to  blowgeBtlT 
through  it ;  while  the  organs  of  the  mouth  ore  silently  thrown  into  tho«" 
N«un!  of  whi*-  positions  neccssary  for  the  utterance  of  any  particular  BoaD* 
P^^w-  tlmt  articulate  sound  will  at  once  appear  in  whispers  i  b*** 

if,  while  this  is  being  done,  the  larynx  is  permitted  to  yield  a  sound.  W** 
voices  then  are  heard,  one  in  audible  speech  and  one  in  a  whisper. 
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fonner  belonging  to  the  individool  who  is  making  the  expcrliuent,  and 
ttic  uliiur  wising  from  the  air  wliicli  liifl  companion  in  blowing  into  the 
tube.  There  is  no  kiiitl  of  difliadty  in  constructing  a  simpk  kind  of  in- 
Btnunent  from  which  the  sounds  of  the  vowels  can  be  produced  by  gen- 
tly blowing  air  into  it. 

7''he  conttonants  arc  of  two  kinds,  the  cxploAirc  and  conttnuoas.  The 
former  arise  from  an  abrupt  and  momentary  action,  and  dis-  j-„,<jjy,  ^^ 
uppt-ar  lit  once ;  as  exauiples  of  these,  the  letters  6,  d,j>y  in  eomionomaM. 
whicli  it  may  be  remarked  tliat  the  cliarac lunatic  of  the 
sound  dieappeara  in  an  instant:  hence  the  term  explosive;  and  if  any 
attempt  lie  made  to  continue  it,  it  iaauea  in  the  utterance  of  the  i  owel  e ,' 
but  in  the  continuous  consonanta  this  docs  not  take  place,  as  in  the  let- 
ters n.^,  s.  In  the  case  of  the  consonants,  as  in  tlmi  of  the  vowels,  the 
peculiar  flrrangemcnt  of  the  parts  of  the  mouth,  though  difficult  to  de- 
scribe, may  be  readily  ascertained  bv  personal  experiment. 

Of  vocal  sounds  thus  originating,  it  may  be  remarked,  tliat  in  the  low- 
er tribes  of  animals,  their  chief  use  seems  to  have  reference  to  ^^  ^,  ^^^^ 
the  perpetuation  of  the  race.  Even  in  the  highest,  the  changes  rdco  i>f  aai- 
of  the  reproductive  and  vocal  organs  often  occur  contempora- 
neously; but,  though  tliis  may  be  true  of  mere  sounds,  the  modttlated 
variations  tliereof  have  a  far  more  general  use.  Of  languages  it  may  he 
""id  tliat  tlicy  are  the  creation  of  groups  or  nations  of  men,  not  of  indi- 
viduals, and  hence  they  reach  beyond  the  compass  of  indi-  onmfri^—: 
vidual  life,  in  some  instances  Imving  endured  for  thousands  i*"""  'i'"»t«fD. 
of  years.  Moreover,  if  critically  considered,  each  often  contains  the  liis- 
tory  of  the  race  by  which  it  is  spoken,  and  even  manifests  the  broader 
leatures  of  its  cltaractcr;  so  oiu*  own  tongue  contains  the  indications  of 
till!  two  chieX  politicjil  events  whii;li  liave  bcfallcti  tlie  Knglish  nation,  at 
least  80  far  as  foreign  relations  are  concerned — the  cont)ue8t  of  britain  by 
the  Romans,  and,  a  thousand  years  after,  by  tlie  Frencli.  In  conse- 
quence of  the  Hrat  of  these  cvcjits,  the  language  became,  bo  far  as  com- 
mon expressions  arc  concerned,  almost  bi-lingual.  Such  simple  illustra- 
tions as  tlic  wowls  God,  deity  ;  fatherly,  palenial :  niotherly,  maternal ; 
heavenly,  celestial ;  earthly,  terrestrial ;  hellish,  infernal ;  womanly,  fem- 
ioine,  may  serve  ns  examples.  So  well  recognized  are  these  prindplcs 
among  linguists  tlntt  they  are  resorted  to  for  the  decision  of  ]>re-hi8toric- 
ol  questions.  The  best  and  most  precise  evidence  tliat  wv.  have  of  the 
Indian  origin  of  the  German  nations  is  derived  ftcm  the  occurrence  of 
Sanscrit  roots  in  their  vocabulary,  and  analogies  in  their  grammar.  The 
names  of  many  domestic  animals,  of  farming  implements,  and  of  many 
common  objects,  are  the  same  in  Sanscrit,  Latin,  Greek,  and  German. 

Nay,  even  more  tlian  this,  from  the  structure  of  a  language,  collated 
with  tlw  history  of  the  people  by  which  it  is  spoken,  we  can  often  judge 
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C<wD«cdonof  of  the  influence  of  events  more  perfectly  than  in  any  olier 
UfifBa^viib  way:  so  in  the  two  iDstanccs  which  we  ore  referring  tou 
bridMuid  iUustrations  of  these  remarks,  the  French  conquest  did  aoi 
hbt^T-  make  ttiat  dcfp  and  abiding  impression  which  tlic  Bonun  oh 

had  done.  A  thonsatuJ  yearn  liad  clnpsed  between  the  invasion  ofO&m 
and  that  of  William  of  Normandy,  eight  hundred  oiUy  from  the  koer 
event  to  our  times,  yet  the  influence  of  the  mascoline  and  civiludng  Bo- 
man  has  reached  through  that  long  interval,  has  made  the  deepest  Ib- 
{nression  on  tlie  national  cliftracter,  and  ia  nianifeated  tn  almost  one  hilf 
of  the  sentences  that  wc  utter. 

Connocted  with  articulate  >tj>eech.  it  may  not  1>c  out  of  place  to  allude 
BigjaifT  of  brietly  to  those  great  advances  which  liave  been  made  bj  tlN 
SrMJ*Min[^  S^'^  ***  ™*'*  ^  ^^^  permanent  record  or  registering  Ij 
tn^.  written  stgnfl;  and  a«  sounds  are  of  two  kinda,  musidlind 

articulate,  so  we  have  two  distinct  methods  of  nTiting  ;  and  this,  lanif 
ont  all  the  earlier  and  more  imperfect  forms,  a  method  for  music  sail  m 
for  Bpeeclu  Of  the  former,  it  is  acaroely  necessary  to  remark  that  it  is 
unirersal ;  the  combination  of  rounds  designed  to  be  conveyed  is  a»- 
prelicnded  at  once  by  men  of  every  nation ;  but  in  the  writing  for  flpwdi. 
variouA  methods  have  been  employed  at  different  times  and  by  didisflri 
DiflBrentracch  "*^'*'"*'  ^"^  owte  picture  writing,  eacli  sign  of  wliich  oJW 
ml*  ■>f '-iprtM-  forth  in  diflcrent  Unguages  difl^crent  sounds,  through  the  It- 
ag  gvMp.  gjogiypiiic  and  Chinese  methods  \ip  to  that  nioal  spleiv^i'l 
invention  of  later  ages,  alphabetic  ^vriiing,  the  principle  of  wliieh  i*  dis- 
solutely periect.  because  it  is  natnral,  being  to  decompose  each  wontiiUo 
eacli  constituent  vowel  or  consonant  sound  which  it  contains,  snd  V> 
write  a  mark  or  letter  rcpnucnting  each  of  those  sounds.  Thoughnuj 
circumstances  hove  contributed  to  the  advancement  of  the  human  no^'t 
can  not  l>c  doubted  that  this  invention  has  axcecdcd  all  others  in  pomr. 
and  that  alphabetic  writing  tias  been  the  great  instrument  of  civilinliaik 
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OF  HBAiUKQ. 

Tiy  Saitf* !  (lOfral  Itemartai  i/ion. — Fir*  Offfoii*  of  Sate. — Nttrstitji  of  ApjMTatnfor  iJie 

Api'trdafion  of  Ttmt,  .^mm,  J'reaMire,  Trmjteraltire,  tmd  Ommait  (^ti^tiu. 
Of  Hfamy,~Gtiural  Stnelurr  itflie  Orytm  ttf  Htnrinjf, — njpiiaft Pteutitiriliti  qf  StMidit  A- 

ICMMfjTi  Timit  of  fltmlum,  and  QmiSlf. — 2^  Tym/iaamm,  CodUea,  wni  Semarvntar  Cimali 

an  fir  thm  Appneiatitm  tjftAeM  /McwXuWrirj, 
Stmeiure  aad  Fmneltoitf  oftlie  Tymitnmm,  or  Afratmrmtnil  n/'/nfrnW/jr. 
Strvrlirt  oftke  CbrAlrv,  it*  S/itral  IjamtKa  anii  Stvl—.—Memamji  lUr  Ttme  of  lHiraltim.~A^ 

€t/mji£MJtmml  of  luta^trmrt  in  the.  iitakr. — dnnpamtire  Atmtomif  iff  tke  CbcAJcd. 
Strvclurr  <;f' llit  Snmdrrttiar  tloniir,^7Vy  ratiimitt  l4r  t^iKtiit)  i^'J&mmit, 
O^ntpnfMifr  Aoalomg  tjf  tke  Amlit^nf  ifrfltaniam. — lU  /*roffrtJa  in  DecelapmoU. — ImperfBtliek 

t^  iJit  Dottfim  of  Meant  tutd  EmU. 

t 

OF  THE  SENSES. 

The  oi^ana  and  fimctiona  which  hare  thus  far  been  described  have 
rcferenfie,  for  the  most  part,  to  the  conscn'ation  of  the  indi-  Fnnetimi  of 
vidual  beiii^,  niaintaiiiiiig  its  slructure  unimpaired,  notwith-  ""'  **''»°"- 
standing  the  waste  it  is  perpetually  iindp-rgoiiig,  or  conducting  its  devel- 
opment. Wc  tKPW  enter  on  tlie  cun«idenition  of  a  totally  diMinct  ap- 
parataa,  the  objeet  of  which  is  to  put  the  individual  in  rehition  with  ex- 
ternal nature,  and  to  which^  therefore,  the  designation  of  niecliaiiism  of 
external  relation  may  be  appropriately  given. 

For  the  sentient  Wing  in  itd  highest  development,  meana  must  be  pro- 
vided for  the  perception  of  time,  space,  force,  and  quality.  Fivvtargau 
This  18  acooiuidislicd  by  wliat  arc  termed  tlie  wgans  of  »en»e.  **  ""'**^ 
They  are  iive  in  numtjor:  1st.  The  organ  of  hearing;  2d.  That  of  see- 
ing ;  iJd.  That  of  touching ;  4tU-  That  of  smelling ;  5th.  That  of  taaling. 
In  the  further  description  of  the  aonsoB,  it  wlU  lie  found  that  ttio  ear  is 
the  organ  of  titiie ;  tlic  eye  Uiat  of  space ;  the  tactile  ap])aratus  is  fur  the 
perception  of  force ;  and  tliut  the  mechaniam  for  Hmclling  and  tasting  con- 
jointly determine  the  chemical  qnalitieii  of  bodies;  that  of  smelling  ad- 
drfssing  itself  1o  substances  which  are  in  the  vaporous  and  gaseous  stale; 
and  tliHi  of  tasting,  to  Ruch  as  »xv  liquid  or  dissolved  in  water. 

We  shall  pursue  the  description  of  tiio  iseuaes  in  the  order  in  which 
they  liavo  been  juat  enumerated,  premising  of  them  respect-  The  nr  b  ifaa 
ively  that,  the  function  cf  hearing  being  the  reception  of  the  *"k"  »'  '*•»•■ 
succession  of  sounds,  periods  of  silence,  nnisical  notes,  and  their  modu- 
lations, together  with  the  peculiarities  of  arlieulnic  speech,  things  which 
are  all  inherently  aiid  es^ntiuUy  connected  with  the  lapse  of  time,  the 
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^ryv  Is  Um  car  IK  in  a  pbUosophiciU  sense  the  time  organ ;  tliat,  the  funo- 
iwpm  of *|>*ce.  iioj^  of  the  eye  being  the  estimation  of  ejiteiita,  the  position 
of  objects,  their  sm^  and  apparent  (Utitaiicc!£,  tliis  a)ipuratiL8  is,  in  realitjr, 
the  space  organ,  ita  imliL-ations  in  tliis  purtiuulnr  Iwing  rendered  more 
jKrspicuouj?  and  more  intmisc  by  its  quality  of  bving  uft'ected  by  varia- 
tions of  color;  that  as  the  tactile  mccbanism  is  affected  by  cxtroneotis 
To  h  i«  r  r  ^0'^*^*^  unch  as  pirssurcs,  estimating  their  drgroc  of  power,  and 
iir-wmrc  nnd  bcing  likewise  intlueiiccd  by  tilings  which  urc  at  a  diataiice, 
u,mpnnitun).  ^j^^  lemperaturea  of  whieU"  are  dilfcreut  Iroin  the  eUindaid 
which  it  observer,  but  not  by  electrical,  nmgiietlc,  or  himinons  agencies, 
WR  may  infer  that  ita  functions  are  limited  to  a  relation  wiih  mechanical 
SmellfttKluiM  powers,  strictly  8[>caking,  and  to  hcut;  that  smcU  andla^te, 
for  cVmioAi  thougli  cnnvciiiotilly  treated  of  «a  «cparaie  fiinelioiiB,  do- 
ta  uid  UqiiiAi  pciidcnt  OH  si'pnratc  organs,  are,  in  reality,  ailie«l  in  the  de- 
rM[i«c*iveijr.  lerminatioti  of  the  chemical  peculiarities  of  bodies,  and  re- 
spectively adnjitcd  to  tUe  appreciation  of  those  ppcnliarltics,  according  aa 
the  substance  presented  may  have  tlic  gaseous  or  liquid  form. 

OF  IIE^UUNU. 

The  organ  of  hearing  is  composed  of  iln'ce  parts,  the  external  ear,  the 
tympanic  cavity  or  tympanum,  and  the  labj-rinth. 

The  external  ear  consists  of,  1st.  The  pinna,  which  is  for  iho  purpose 
oftlic  cxttT^  ^^  collecting  soniferous  waves,  and  directing  thorn  into,  2d. 
imI  »«r.  Tbc  meatus  aiidilorius  or  auditoiy  canal,  a  tube  about  an  incli 

long,  and  extending  to  tlie  tympanum,  It  is  not  |>erfectly  cyhndrical, 
its  vertical  diameter  being  tho  greaieat,  and  it  is  curved  so  as  to  be  coti- 
cavQ  downward.  The  interior  is  protected  by  hairs,  and  by  a  waxy  se- 
cretiou  of  the  ceruminous  glands. 

The  tympanum,  tympanle  cavity,  or  middle  ear,  is  within  the  }>etroua 
Of  th«  tyuipa-  l»OMC.  It  is  Iwuudiid  exteriorly  by  u  thin  oval  membrane, 
num.  (^e  mcmbraiia  lympani,  which  is  placed  obliquely  across  the 

meatus,  at  an  angle  of  about  Ad  degrees,  its  outward  plane  looking  down- 
ward. Across  tho  tynipaimm  there  is  a  chain  of  ihree  small  bones,  tha 
malleus  or  lutmmcr,  the  incua  or  anvil,  and  tlic  stapes  or  stirrup.  The 
mallGua  is  aitnelied  by  its  handle  to  the  membrana  tympani,  and  the 
stapes,  which  is  at  the  other  extreme  of  the  chain,  is  fastened  by  its  foot- 
plate to  the  uieiubrane  of  the  fenestra  ovalis.  To  the  short  process  of 
the  nialleuB,  the  tendon  of  tlio  tensor  tympmii  is  attached,  and  (o  the  nock 
of  tUu  stajKS  the  i^tapedius.  I{e-sidet<  thet^e,  other  mumdes  of  the  tympa- 
nic cavity  may  be  doubtfully  mentioned,  as  the  external  muscle  or  laxa- 
tor  tpnpnni,  and  tlic  laxalur  tyni]jani  minor.  Into  the  tympanic  rjivity 
there  are  ten  openings,  of  which  the  more  imiwrtaiit  ones  are,  Ist.  That  of 
the  meatus  auditorius ;  2d.  The  fenestra  ovalis,  which  is  of  an  elliptic 
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shnpa  anci  oppoKite  tlio  prcAoding,  tlte  foot-ptatc  of  the  etapes,  as  baa  been 
said,  being  placed  upon  it ;  it  w  also  sometimes  called  fciicjitra  vcatibuli : 
.■id.  KmesU'a  rotunda,  which  is  below  Ihc  prcceiliiig,  and  wpanitrd  rroui 
it  by  tlie  promontory.  From  the  circumstance  that  it  leada  from  the 
tjTnjwinnni  to  the  cocIUojl,  it  is  also  called  fonratra  cochleae  like  the  pre- 
L-ediiig,  it  ia  cloccd  by  a  double  membrane ;  4tli.  The  Eustachian  tut»c. 
whicli  extends  from  the  anterior  of  the  tynipannm  to  the  pharynx;  and. 
5th.  The  mastoid  cclln.  The  BnialK-r  ojicniiigs  arc  for  tbe  passage  of  va- 
rious ncn'cs  and  muscles. 

The  labyrinth,  called  likewiBc  the  internal  ear,  consists  of  three  porta, 
the  vestibule,  tlic  semicircnlar  eanala,  and  tlie  emJiIca. 

Tlie  vestibule  luia  three  comers,  an  anltTior,  a  sujwrior,  and  a  poste- 
rior, termed,  its  venlriclefl.  There  open  into  it  the  fenestra  ofUwUjiT. 
ovalis,  the  Bcnla  veatibuli,  nnd  the  five  openings  of  the  three  sera-  "'"^■ 
icircular  canida.  Itcsides  those  there  arc  some  aniallcr  ones,  as  the  aque- 
duct of  the  Tctitibide,  and  foramina  for  small  arteries,  and  for  1  ho  branch- 
es of  the  auditory  nerve.  The  semicircular  canals  are  three  bony  semt- 
eirelcs  opening  into  the  vestibulo :  upon  one  of  tlic  branches  of  each  tJiere 
la  a  dilatation,  tlic  atupulta.  Tho  tlirco  canals  tire  rcH|>cctively  placed  in 
planes  at  right  angles  to  each  other.  The  cochlea  is  a  spiral  bony  canal 
raised  upon  a  eeutral  axis,  the  modiolus :  its  interior  is  divided  into  two 
passagca  or  scahr  by  the  lamina  spiralis.  These  commnntcatc  at  the 
Upex  of  tho  cochlea  through  a  small  aperture,  their  other  extremities 
Opening  diiTcrcntly ;  the  scala  vestibnli  into  the  anterior  ventricle  of  the 
vestibule,  and  the  scala  tymjjani  through  tho  feuesfra  rotunda  into  the 
tympanum.  The  labyrinth  contains  interiorly  a  membrane,  the  mem- 
branous labyrinth-  Between  the  membranous  labyrinth  and  the  bony, 
a  litjiiid,  tiie  perilymph,  inter\'oues  ;  tho  niembrauDiiM  lalivriiilh  l>cing 
also  tilled  with  liquid,  tho  cndolymph.  There  ia  no  [Krilyniph  in  the 
cocldca. 

OS  llic  tlmw  portions  of  the  ear,  the  external  canal  is,  of  course,  full 
of  air,  aa  is  als,i:>  the  tympanic  cavity  or  drum  ;  but  the  labjnintli,  as  vc 
have  seen,  is  filled  ivtth  a  liquid,  and  in  this  the  termiual  filaments  of 
tbe  auditory  nerve  are  placed. 

The  essential  part  of  the  meclutnism  of  hearing  is  the  auditor^'  nerve, 
which  arises  from  tho  anterior  wall  of  tlic  fourlh  ventricle,  oftijctudl- 
and  then,  joining  the  facial,  (msses  forward  U|>on  the  eras  ccr-  lo'y""^- 
ebeili ;  reaching  the  meatus,  it  divides  into  two  ]K>rtions,  the  cochlear  and 
vestibular  nerves,  whii^h  sabdi\*ide  again,  and  arc  distribiitwl  to  the  ves- 
tibule and  cochlea  respectively  in  the  manner  hereafter  explained. 


viBW  or  KXT£S)rAU  iiinm.1:,  itm  RmiiuiAj,  kas. 
J^iff.  183:  a,  a,  pavilion  and  external  auditory  caual,  or  external  ear; 
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ft,  tympanic  cavity,  containing  the  bones: 
C,  tuiinnier  and  its  lliieu  ntUHclcs.  viz., 
(/,  internal  innsclci  lodged  in  the  thick- 
ness of  the  superior  wall  of  Ku^iachiAn 
tube,  and  bending  at  a  right  angle  to  be 
inserted  in  superior  part  of  handle  of 
hammer;  <;,  anterior  nmsole  of  hammer: 
fy  external  muscle  of  hammer:  (/» intfr- 
lior  half  of  merobrana  tyuipani«  holding 
the  hantUu  of  the  hammer:  /j,  tube  of 
Kustachius  :  i,  internal  ear  or  lahyrintb. 


«£).  IS*. 
i 


.*rfc' 


TfinptDle  otrlir. 


J*^i^,  184:  «,  hairimer,  liolding,  bv  the  anterior  and  nujieriorpirt  of  its 

handle,  and  by  its  round  extremity,  A,  the 
nicmbrana  tympani;  c,  inlemal  muscle  of 
hammer:  rf,  Kfirrup  Ujjon  fenestra  ovalLs; 
e,  muscle  of  stirrup;  1,  facial  nerve,  oom- 
niuuicating  ivith,  2,  great  superficial  p^ 
trussl,  and,  3,  little  su{>eriicial  petrosal ; 
4,  chorda  tynipani ;  5,  o,  ucrvous  twig  of 
interna]  muscle  of  hammer,  arising  from 
motor  portion  of  fifth  pairt  and  traversing  otic  ganglion ;  fi,  norx'ouB  twig, 
arising  from  facial  and  going  to  muscle  of  stimip ;  7,  ganglion  of  Gaaser. 

DtAtllUJI   eilOWIKO  niE   FACIAL  tH  THE   AQTTCDrCT  07  rAliLOPItTB  AKD   ITS  ASAfriOllOSSB. 

J^iff,  185 ;  1,  lacial ;  2,  nerve  of  Wrisberg ;  3,  j>etro8al  twig  of  vidian 
Fif.  iss.  nerre ;  4,  ganglion  of  Meckel ;  5,  little 
petrosal  of  X»nget ;  6.  twig  of  nmscle  of 
stirrup;  7,  auricular  tH'ig  of  Arnold;  H, 
diorda  tympaiii,  cut ;  9,  ganglion  of  /Vn- 
derach  t    10,  nerve  of  Jacolwon,  divided 

"to^^Ll  il^^^^\*^     IT      '"^  *^  ^^'ig^i "^^'i  11'  *wig  nnostomoft- 
^^|¥MI-  "      ing    with,  12,  carotid   plexun,  IS,  twig 

W*^*  anastomosing  with  gre«t  snjierficial  pe- 

r.d.1  to  tbf  .q..*duct  of  p.ii.[.iu.  tj-oHal  (littk-  deep  petrosal  of  Arnold).  14, 
little  superficial  of  Arnold,  uniting  with  little  petrosal  of  Ijongot  to  form 
15,  a  common  tnnik,  which  goes  to  Iti,  otic  ganglion  ;  17,  twig  of  fenes- 
tra rotunda ;  1 H,  iwig  of  fenestra  ovalis :  19,  twig  of  tube  of  Kustachins. 
The  explanation  usually  given  of  tlic  functions  of  llicsc  various  ]>arts 
CmnmoD  hy>  is  ns  follows :  The  waves  of  sound,  moving  through  tlie  at- 
IwtiMiorthB  inosphcrc,  pass  down  ihc  exterior  canal  and  strike  upon  the 
■nditorr f«ru.  membrane  of  the  druin,  whick  is  tluowD  into  vibration  tUote- 


It 


Tltf-  little  bones  which  form  n  clmin  from  thia  membrane  to  the  oval 
ftn*'  »t  th«  liarfc  of  thr  Hrnm  partic-ipatc  in  tliis  movfimcnt,  and,  indeed, 
WTTo  to  convey  it,  withont  nmrli  loss,  across  the  cavit>%  It  is  consideiv 
cd  tbnt  this  is  their  function,  since  it  mny  he  proved  experimentally  ibnt 
Wsve  sounds  going  through  such  a  itolid  com  hi  nation,  surrounded  by  at- 
aMWpberic  air.  pass  with  but  v^^ry  little  loss  of  intensity.  UniWr  the  im- 
pnlam  tiius  comniUDicated  to  it,  the  oval  membrane  coinniences  to  vi- 
biato,  and  in  tho^ii;  ninvoments  the  water  in  tlu>  labyrinth  Joins ;  and  so 
the  fUainenta  of  the  auditory  iicn'c  become  aHW-trd,  and  the  sciiHalion  of 
HMUid  is  transniilted  to  this  bnun.  It  is  snppoaetl  that  the  three  scmi- 
cfamlar  canals,  which  arc  set  at  right  anjrles  to  one  anotlicr,  as  it  were, 
occupying;  the  throe  ndjiining  faces  of  a  cube,  arc  for  tlie  purjjose  of  dft- 
Tormining  in  what  din-cti.m  tho  sound  is  coming — whether  upward,  down- 
'ward,  or  Literally.  Moroover,  it  is  believed  that  the  little  mustles  which 
operate  on  the  incnibraue  of  the  drum  have  the  duty  of  lighlening  or 
slackening  it  so  as  to  reeeive  tlie  sounding  waves  in  the  nioet  available 
mqr. 

It  in  not  noeossary  to  enter  on  a  lengthy  criticism  of  this  explanation. 
Phywologists  have  long  wgretted  that  it  assigns  no  use  for  „  .  ,  . 
}nany  of  tite  roost  complicated  and  delifate  jirrangements  con-  ihu  iiypoth*- 
hOded  with  the  ear,  oilers  no  cxplanntion  of  the  manner  in 
^hich  that  intricate  organ  is  enabled  to  present  to  the  mind  the  various 
relations  of  sound,  and  is  inconsistent  with  many  of  the  facts  of  com[uur^ 
UiTo  anatomy.  Indec'd,  it  is  ven-  plain  that  a  true  intoriiretation  of  tbc 
Ktion  of  the  different  regions  and  structures  of  the  ear  can  only  be  given 
a  conjoint  study  of  the  physical  nature  and  properties  of  soimda,  of 
peculiarities  of  the  soniferous  waves  wliifh  it  is  necessary  PrmtrmoAtut 
us  to  perceive,  of  the  comparative  anatomy  of  tlie  ear  u  obulotoff « 

itod  in  all  tnbes  ot  life ;  and,  since  there  must  be  a  cor-  uioa  oTtbMo 
pondeiiim  among  tlm  lower  tribi* — perhaps  we  might  have  'w'**'*'™' 
said  the  higher  too — between  Uie  organs  cf  voice  and  the  organs  of  audi- 
tion, tlic  obscure  points  in  the  structure  of  the  Utter  may  be  illustrated 
by  what  is  known  of  the  former.  To  these  might  be  added  the  study  of 
Its  cmI>rj'onic  development.  It  is  by  the  aid  of  these  diifcrent  moons 
thai  I  pasfl  to  tlie  description  of  the  function  of  audition. 

WHiat,  then,  are  the  physical  jxjculiarities  existing  in  tlie  waves  of 
Kitind  which  we  actually  perceive?  They  are  these  three,  -nij^ p|,ydc»i 
1st.  The  intensity,  that  is,  loudness  or  feebleness  of  the  pccniiuitiMof 
sound;  2d.  lis  note  nr  pitch ;  3iL  Irs  quality;  for  two  sounds  **""'■ 
ottbf.  same  intensity  and  note  may  diflW  cliaracteriatically.  The  sound 
of  tfie  violin  differs  from  that  of  the  ttute,  and  tliis.  again,  from  that  of 
ihe  human  voice.  Our  organ  of  audition  is  so  constructed  that  it  is  af- 
fected by  each  of  these  peculiariliesr  and  transmits  them  to  the  mind. 
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In  this  respect  we  may  speak  of  it  as  a  perfect  organ ;  for  all  matliemati- 
dana  who  have  written  on  the  Buljject  of  gound  apce  in  sotting  forth  the 
ihrra  pccuiiariticii  that  have  been  mentioned,  intensity,  note,  quality,  aa 
the  grand  features  of  waves  of  sound,  and  this  upon  a  mere  abstract  dis- 
cnaaion  of  acoustics.  Now  these  three  essential,  abstract,  or  theoi-etical 
pecuUanties  of  sound-waves  are  tlie  very  three  whicli  the  oigan  of  hear- 
ing seizes  upon,  and  so  we  »re  justitiecl  in  saying  that,  in  this  respect,  it 
ia  periect  in  its  construction.  I'reiiiising  the  remark  that  mathemati- 
cians liavo  abundantly  proved  that  the  intensity  of  sounds  depends  upon 
the  amjilitii'lc  of  exmrsiim  of  the  vibrating  [Mutieles,  and  the  pitdi  or  note 
upon  wave  length,  I  HhaU  now  proceed  to  offer  some  arguments  in  proof  of 
the  proposition  that  the  triple  function  of  the  ear  is  discliargcd  in  the  fol- 
F  rtift  ofihe  lowing  way:  lat.  That  the  drum  U  for  the  measurement  of 
drum,  «jrbk-»,  intensity;  2(1.  The  cochlea  for  the  recognition  of  wave  length; 
*"  **"  3d,  The  semicircular  canals  for  tlie  appreciation  of  quaUtj. 

I  shall  endeavor  to  show  that  the  uar  is  not  a  homogeneous  organ,  as  tho 
older  hypotliet^is  supposed,  but  that  one  or  other  uf  these  intntrutucutal 
parts  may  be  abeciit,  nnd  with  it  will  disappear  its  special  function,  forti- 
fying this  view  with  facta  prcHented  by  comparative  anatomy,  by  embry- 
onic development,  and  also  by  the  n^Iatioua  of  tlie  voice,  and  showing 
the  parallel  Ijetween  the  structure  and  functions  of  the  ear,  the  organ  for 
normal  vibrations,  and  of  the  eye,  the  organ  for  transverse  ones  ;  and  the 
analogy  and  the  Identity  of  their  embryonic  development ;  thai,  for  in- 
stance, the  drum  is  the  equivalent  of  the  iris,  and  the  cochlea  of  the  ret- 
ina and  its  adjacent  parts. 

Isl.  On  the  measurement  of  the  intensity  of  sound,  structure  of  the 
tympanic  cavity  or  drum,  and  its  functions. 

The  tympanic  cavity  or  drum  of  the  ear,  as  we  have  briefly  described, 
,  ia  an  air  cavity  of  a  cylindroid  nnd  flattened  shape,  in  the 
thn  dTiitii  anA  pptrous  porlion  of  tlic  temporal  bone.  Outwardly  it  is 
iu  ft>u(;Uoii».  bounded  by  the  membrana  tympam,  and  on  other  sides  by 
the  petrous  bone :  it  ia  crossed  by  a  chain  of  bones,  tliree  in  number,  and 
named  the  malleus  or  Iiammcr-bonc,  the  incus  or  anvil,  and  the  stapes 
or  Btimip.  The  Eustachian  tu(:)e  affords  a  channel  of  communication 
from  the  interior  of  the  <lnim  to  the  pharynx.  Moreover,  there  is  a  com- 
munication with  the  mastoid  rclls,  but  the  Kustaehinn  lulic  is  tho  only 
outlet  to  the  atmosphere.  The  whnlc  cavity  of  the  tympanum  is  lined 
with  mucous  membrane  and  ciliaicd  epithelium,  which  is  also  reflected 
over  the  bony  chain.  Upon  the  inner  wall  of  the  tympanum  are  two 
chief  apertures,  the  fenestra  oralis  and  the  fenestra  rotunda,  each  cloaeil 
by  membrane.  The  chain  of  bones  is  attached  at  one  end  by  thi?  handle 
of  the  malleus  to  the  membrana  tympani,  ai  the  other  by  the  foot  of  (lie 
stirrup  to  the  membrane  of  the  fenestra  ovalia. 
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It  is  to  be  remarked  that  the  niembrana  tympant  ts  placed  obliquely 
at  the  bollom  of  the  external  canal.  In  n  hollow  bony  cone,  Aotiwi  «f  tiw 
tudiig  upon  the  interior  wall  of  the  tymjxinuni,  and  called  the  J^'*,'^  *"** 
pyrnmid,  the.  stnpediun  muscle  its  plnced.  Through  u  Uttlc  puu- 
ftperturc  nt  the  apex  of  the  pyramid  its  tendon  goes  out,  and  is  inserted 
in  the  neck  of  the  stapes.  Its  actii^n  Hccms  tv  be  to  make  pressure  Oil 
the  membrane  of  the  fenestrn  ovalis.  but  as  it  does  this,  it  lilts  the  stapes 
into  »n  oblique  poaition.  A  second  muscle,  llio  tensor  t^inpani,  is  at- 
laclicd  in  front  to  the  under  surface  of  thn  petrous  lione,  and  is  inserted 
in  the  fthort  prottcss  of  liic  maUeuB;  when  it  contracts  it  makes  tension 
upon  the  membrana  tympani,  drawing  it  more  lightly  inward.  It  is  to 
be  especially  remarked  of  both  these  niu&cles  that  they  are  voluntary; 
tlut  i«,  of  the  striated  variety.  Two  other  nmsclca  are  described  by 
•ome  anatomists,  and  have  been  indicated  in  J^tff.  1B3  and  1S4.  Their 
existcsKe,  however,  in  disputed  by  othcrH. 

In  ilie  opinion  of  Jlr.  Toynbee,  the  action  of  tlie  two  voluntary  inus- 
deiB  of  the  ear  is  as  follows,  lly  tho  tensor  lympani  tlio  Mr. T»rtib«s'(i 
liue  of  the  stapes  is  pressed  inward  toward  the  vestibule,  as  vlew»oftlJ*«c 
piston  m  Its  cyhndcr,  and,  as  soon  as  the  muselo  ceases  pwHasMiitui- 
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to  act,  the  elastic  ligamrntfi  which  attach  the  circumfircnce  wrij-mpMl. 
of  the  base  of  the  stapes  to  that  of  tlic  fenestra  ovalis  draw  it  ont  again. 
The  stapes  is  moved  by  two  muscles,  tlie  tensor  tympani  and  the  etape- 
dins,  it  being  commonly  supposed  that  tho  latter  aids  tlic  tbrmer  in  press- 
ing the  stuiwa  inward,  but  he  shows  tliat  it  rotates  the  base  of  the  stapes 
and  withdraws  it  Irom  the  cavtly  of  the  vestibule.  This  may  be  demon- 
strated by  pulling  the  stajiediiis,  when  tho  fluid  in  the  scida  vesttbuli 
will  be  found  to  move  correspondingly.  He  therefore  asserts  that  tho 
itap«diu0  13  the  antagonist  of  the  tensor,  the  former  rela^iing  the  laby- 
rinthine fluid,  membrana  rotunda,  and  membrana  tympani,  the  latter 
nadexiag  Ihcm  more  tense.  Agreeably  to  this,  the  stapedius  is  supplied 
from  tho  portio  dura,  and  the  tensor  from  tho  otie  ganglion.  This  con- 
struction mi^t  lead  to  the  supjwsitiun  that  tho  tensor  affords  protection 
^KD  k>ud  sounds,  and  the  stnpfilius  eiuibles  the  most  delicate  whisper  !□ 
^IveaTd,  as  in  listening.  Together  they  regulate  the  amount  of  sono- 
natt  ribrations  which  enter  the  lab^Tinth.  Ilcncc  ihc  cifoct  of  the  de- 
struction of  tliQ  membrana  t^nnpani  if)  to  make  sounds  unendurable.  In 
confirmation  of  tttis  is  quoted  the  case  of  a  |Mitient  who,  under  those  cir- 
cumeitanctMi,  could  not  bear  the  whistling  of  another  patient  in  an  adjt>in- 
ing  bed,  and  the  observation  of  Che^eJdcn  that  a  dog,  in  which  both 
iiiembrana>  tympani  luid  been  desti-oycd,  for  some  lime  received  strong 
sounds  with  horror. 

Wo  shall  now  present  somr  reasons  for  supposing  that  the  fiinction 
of  tho  tympannm  is  tor  determining  tlie  tirst  property  of  sounding  waves, 
lltat  is,  their  intensity. 
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It  has  been  proved  by  the  espciitnenls  of  8avart  and  Miillcr,  that 
orihedMnnn-  when  the  tcDsion  of  the;  mnmlirann  tympani  in  increased,  ho- 
Inteudty'Jr'lift-  ^O'*'^^  iindulationa  pass  with  less  readiness  through  it.  In- 
nifcmu»w«»o».  deed,  this  may  be  verified  by  personal  experiment,  as  when, 
by  a  strong  effort  of  expiration  or  inspiration,  the  mouth  and  nostrils  be- 
ing closed,  wc  compress  air  into  the  t^^mpanic  cavity  or  withdraw  it  there- 
from tbrongii  the  Eut^lacliiaii  liibc,  and  thereby  strctdi  the  iricmbnina 
tj-mpani  outwardly  or  inwardly,  ihe  hearing  at  once  becomes  indistinct, 
and  sounds  arc  enfeebled.  The  same  cnsnes  on  going  down  in  a  diviit^ 
bell,  or  suddenly  ascending  in  a  liaUooo.  Of  the  former  effect.  Dr.  Col- 
,inth»  ladon  gives  the  following  account  during  a  descent  in  a  div- 

purtBg-beU.  iiig-bell  at  Uowth  in  1820.  "We  descended,"  says  he, 
'*B0  slowly  that  we  did  not  notice  the  motion  of  the  bell;  but  as  soon 
as  the  bell  was  immersed  in  water,  we  felt  about  the  ears  and  forehead  a 

'  sense  of  pressure,  whicli  continued  increasing  during  some  minutOB.  I  did 
not,  however,  ox[H?ri(!na>  any  puin  in  thn  oartt,  but  my  companion  suffered 
so  much  that  wc  were  obliged  to  stop  our  descent  for  a  short  time.  To 
remedy  that  inconvenience,  the  workmen  instructed  us,  after  having  closed 
our  noi^trils  and  mouth,  to  endeavor  to  swallow,  and  to  restrain  our  resjii- 
rallon  for  some  moments,  in  order  that,  by  this  exertion,  the  external  air 
miglit  act  on  the  Eustachian  tube.  "My  companion,  however,  having  tiied 
it,  foiuid  liiniBclf  very  little  relieved  by  this  remedy.  After  some  minutes 
we  resumed  our  descent.  My  friend  siittercd  considerably:  he  was  pale: 
his  lips  were  totally  discolored :  his  appearance  wa^  that  of  a  man  on  the 
point  of  fainting ;  he  was  :n  involuntary  low  spirits,  owing  perhaps  to  the 
violence  of  the  pain,  added  to  that  kind  of  apprehension  which  our  situa- 
tion unavoidably  inspired.  This  appeared  to  mc  tlie  more  remarkable,  as 
my  case  was  totally  the  reverse.  I  was  in  a  state  of  excitement  resem- 
bling the  effect  of  some  spirituous  litjuor.  I  suffered  no  pain.  I  expe- 
rienced only  a  strong  pn;saure  around  my  head,  as  if  an  iron  circle  had 
been  bound  about  it.  I  sjiokc  with  the  workmen,  and  had  some  di&- 
culty  in  hearing  them.  This  difficulty  of  hearing  rose  to  aneh  a  height 
tlittt  during  tlirco  or  four  miimtes  I  could  nut  liear  them  speak.  I  could 
not,  indeed,  hear  myself  s])cak,  though  I  spoke  na  loudly  as  possible, 
nor  did  even  the  great  noise  caused  by  the  violence  of  the  current  against 
the  sides  of  the  Vtell  reach  my  ears." 

Under  natural  circumstances,  a  stretching  of  tlie  membrane  inwardly 
Action  of  Uio  'i"'cco'"l'lishvU  by  the  contraction  of  the  tensor  lyropanimus- 
noKleaofUte  cte,  the  stapedius  holding  tight  contemporaneously  ou  the 
loop  of  tlie  Btirmp.  and  preventing  disturbance  of  position  of 
the  bony  chain  at  that  end,  and  hindering  any  outward  bulging  of  the 
membrane  of  the  fenestra  ovalis.  Wlien,  therefore,  the  soniierous  waves 
impinge  upon  the  membrana  tympani,  they  tend  to  throw  it  into  vibra- 


THE  ErBTACmAS  TUBF. 


387 


the  tensor  tjTnpani  contracts  to  rnich  an  extent  RS  to  bring  the 
membrane  to  a  gtiindurd  of  tension,  and,  since  thU  nmaclt^  is  of  the  vol- 
UJitnr)*  kind,  Oie  niiiiJ,  judges  ot*  the  degree  ol' force  which  is  rei^uired  to 
produce  that  rei<ult  just  ns,  when  we  lilt  horn  the  ground  bodies  of  dit- 
fcrent  weights,  we  judge  witli  a  certain  preciaion  of  the  degree  of  force 
iii'ocsMU'y  to  Ix;  put  furtlk.  Tlu)  condition  of  contraction  of  the  tensor 
lym]iani  therefore  eiiablefl  tiic  mind  to  measure  tJic  intensity  of  llie  sound- 
ing waves. 

Kut  this  mnncnilar  contraction  in  strictly  n  reflex  act,  and  is  therefore 
preceded,  as  all  Buch  acts  arc,  by  an  impression.  That  impression  is 
made,  as  we  shall  presently  find,  primarily  on  the  auditory  nerve.  But 
since  these  rellected  acts  aro  not  sensory,  tho  mind  has  no  knowledge  of 
the  effect  impressetl  in  this  respect  upon  tbu  auditory  nerrfs,  and  only  be- 
comes sensible  of  it  in  an  indirect  way,  tlirough  the  contmctions  which 
have  cnaued  in  the  Icntutr  tyuiponi  muscle. 

In  this  view  of  tho  case,  tlio  oso  of  tbo  Eustachian  tube  becomes  ob- 
vious ;  it  is  to  form  a  ready  passage  for  tho  air  inwardly  or  UmoTiIwEii*. 
outwardly,  so  that  no  oondonsation  or  rarcfnction  shaU  occur  ^•"*''">  ^"^ 
within  the  tympanic  cavity ;  for  such  rarefactions  and  condensations 
would  disturb  the  action  of  tho  contracting  muscle,  and  make  it  yield  a 
false  estimate.  Besides  this,  the  Eustachian  tube,  as  luis  long  been 
known,  affords  an  outlet  for  mucus. 

In  the  explanation  here  prcscnteiUtho  function  of  tho  ossldes  is  rather 
lor  the  purpose  of  tension  than  of  conduction,  though  it  is  FwiciJon  of  tiw 
not  denied  that  sounds  may  pass  readily  along  them.  They  •»'cl«. 
ore  to  be  regarded  as  aiding  in  lltc  prTtection  of  auditory  perceptions,  but 
yet  not  as  being  absolutely  essential  to  the  appreciation  of  sounds,  or 
evea  of  their  fiuer  modifications,  AN'hatever  affects  the  facility  of  vibra- 
tion of  the  membrana  tympani.  such  as  its  tluckening,  or  stilTeiiuig,  or 
unusual  dryness,  will  render  the  hearing  dull,  but  the  membrane  itself 
may  be  perforated,  or  even  undergo  extensive  lesions,  without  any  appar- 
ently corrcs|ionding  effect.  But  it'  the  stapes  be  injured  or  be  removed, 
deafness  is  at  onoc  the  result. 

There  is  nothing  remai-kable  in  the  precision  with  which  the  contrac- 
tions of  the  two  muscles  which  stretch  tho  membrane  of  the  prrdrfon  in  e*. 

drum  arc  ntadc.      The  same  precision  is  illustrated  in  tlie  UinatlBuUie 
■   I  ,  111.,  1  1  tni  rartmcUon  of 

case  01 1  lie  muscles  wfuch  adjust  tiie  vocal  cords,     i  he  state  ibi-  andiivrv 
of  tbese  may  be  determined  to  the  -|-^JhnT  l^"*"'  °^  **"  "'^^*      "'"•''''*- 

It  uiight  perhaps  be  inquired.  \Vhy  should  not  tlie  function  of  determ- 
ining the  intensity  of  sounds,  as  well  as  their  wave  li-iigth,  be  imputed 
directly  to  the  auditory  nerve?  It  is  with  the  ear  an  with  the  eye,  tho 
mochanism  fur  determining  wave  length  can  only  act  with  uniformity 
when  llie  agent  to  be  measured  is  reduced  to  a  standard  intensity.     A 
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bright  light  falling  upon  tlic  oyc  brings  on  a  contraction  of  the  pu|Hl. 
And  iw  with  tlic  ear.  A  jjartiol  dcaliniing  must  be  established  to  adjnst 
tlio  intensity  of  sound,  that  tho  auditory  ncrvn  may  act  under  standard 
dxcunistances.  The  prininry  inipreaaioii  therefore  made  upon  that  ncrre 
by  the  loudness  of  sounds  is,  so  to  speak,  consumed  by  being  converted 
as  A  reflex  act  into  motion,  hcRaiisc  there  is  a  necessity  that  the  tensor 
and  stajicdius  should  move,  and  reflex  acts  do  not  affect  the  mind,  but 
it  intitantly  perceives  the  condition  of  contraction  of  those  muscleSi  and 
80  estimates  the  intensity  of  tliu  sound. 

2d.  On  the  measurement  of  wave  length,  or  time  of  vibration  of  sounds. 
Structure  of  the  coehlna  and  its  funi^tions. 

The  structut^  of  the  cochlea  is  so  significant  that  its  true  function 
Stnctureof  has  been  long  ago  more  or  leas  distinctly  recognized.  Thus 
ibn  wK-tiiwi.  pr.  Young  speaks  of  it  as  a  micrometer  of  sound.  Many 
physiologists  regard  it  as  detemiining  the  note  or  pitch.  Any  one  who 
remarks  the  gradually  decreasing  widtli  of  its  spiral  lamina,  and  the 
manner  in  which  ihe  ulliutate  iilameuts  of  the  auditory  nerve  are  spread 
thereon,  beconiing  shorter  and  shorter  as  they  ascend  the  scale — who  re- 
calls tho  structure  of  the  harp,  or  gradually  shorter  strings  of  the  piano- 
forte, could  scarcely  fail  of  being  impressed  with  the  trutli  of  this  condu- 
non.  The  function  of  tho  cochlea  is  the  determining  of  wave  length, 
that  is,  the  time  of  vibration  or  note  of  soimdg. 

The  cochlea  has  been  described  as  resembling  a  snail's  shell  in  appear- 
ance. It  is  a  conical  tu1jc,  wound  spirally,  and  making  two  and  a  half 
turns.  The  interior  of  this  conical  and  spirally-winding  tube  is  dirided 
throughout  its  length  into  two  portions  by  means  of  a  transverse  parti- 
tion, which,  following  the  spiral  winding  of  the  tube,  has  had  the  name 
of  lamina  spiralis  bnstowed  on  it.  The  two  partitions  produced  hy  the 
intervention  of  this  lamina  are  called  scala  vcslibuli  and 
scala  lynipani.  At  the  top  or  point  of  the  helix  the  two 
scaliB  communicate  through  a  little  hole,  lirom  the  cessation  of  the  lamina 
dpiralis.  To  this  opening  or  deliciency  the  name  of  helicotrcma  is  given. 
Considering  the  two  scala)  as  separate  tubes,  their  mouths  open  differ- 
ently; tho  scala  vestibuli  opens  into  the  vestibule  of  the  labyrinth,  and 
we  niny  therefore  regard  the  membrane  of  the  fenestra  ovalis  as  being 
virtually  its  boundary  or  closure,  but  the  mouth  of  the  scala  t_>Tiipani  is 
against  the  fenestra  rotunda,  and  is  closed  by  the  membrane  of  that  aficr- 
turc.  As  their  iinmes  therefore  indicate,  tlie  scala  vestibuli  opens  info 
the  vestibule,  and  the  scala  tympani  into  the  tympanum. 

Passing  directly  through  the  body  of  the  cochlea,  and  being,  as  it 
loirodnciion  ^f'™'  ^^'^  ^'^^^  Upon  which  that  structure  is  built,  is  a  bony 
ofiiwMiiitorjr  cone,  called  the  modiolus.  Indeed,  the  bony  part  of  the 
"•"*■  transverse  plate  which  separates  the  lube  of  the  cochlea  into 
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ite  two  Bcalffi.  might  be  regarded  as  a  spiral  praccns  of  the  modioliu. 
Through  the  modiolus  and  ite  spiral  process,  or  lamina  spiralis,  the  au- 
ditory nerve  gaina  access,  throogh  suitallo  clianncis,  to  the  interior  of 
the  seals. 

Fi^.  186,  interior  of  the  cochlea,  rendered 
visible  by  tlie  removal  of  half  of  the  outer  wall: 
tTf  (I,  lamina  spiralis,  tumiag  hy  its  inner  edge. 
'•.  arouiirl  the  axis  of  the  cochlea;  r,  infundib- 
^^  ^^B^^HBi^^^^?-  "'u*"i  'A  »i>crturc  of  communicntion  between 
^H  ^f^^^^S^S^^ ^  '^°  scalte ;  e,  e^  section  of  the  oato*  wall ; 
^H  ^T^^^^s:?^  y,y^y,  interior  or  t^Tiipanic  scala;  g,g-,g^«nr 

^^^^  penor  or  vestibular  flcala. 

^^^^^  nr  in.  -^^*  ^^"^t  s^etioa  of  the  cochlea  in  tlie  direc- 

^^^^  _^^fc^  '**'"  ***'  ''*  "^*  ■   "'  canals  of  the  axis,  or  of 

^V  '^jj^liiH^ ""  '^^  columella,  for  the  passage  of  tlie  vascular 

H         ^^K^^i  iB..^^.      '^^  nervous  ramitications ;    b,  infundibolum ; 
~        ^^^Brff  #  '-^^.^^^  i  f,  liasc  of  the  modiolus,  or  columella :  t/,  </,  (/, 

section  of  spiral  lamina ;  e,e,c,  section  of  the 
outer  wall;  f,f,fi  inferior  acala;  g.  g,  superior 
seal  A. 
It  is  necessary  to  understand  tlie  structure  of  the  lamina  spiralis  more 
particularly.  As  we  have  said,  it  divides  the  helical  tube  into  xhc  ipiml 
the  two  scaliB  by  extending  transversely  across  it.  Jta  bony  jwr-  iftmii'*- 
tion  doi^  not,  however,  extend  more  than  about  one  third  of  the  distance* 
the  rest  of  it  being  made  up  in  part  of  a  delicate  membranous  portion, 
and  completed  by  a  muscular  structure ;  so  that,  if  we  coiiftidcr  the  lam- 
ina spiralis  at  any  point,  the  region  of  it  near  the  modiolus  is  bone,  the 
intermediate  portion  nifmbraiious,  and  the  residual  is  muscular.  Or, 
considering  the  lamina  spiralis  in  the  aggregate,  we  might  say  that  it 
consists  of  a  helix  of  l)onc,  membrane,  and  muscle.  To  the  muscle  tho 
name  of  tliu  codilcaria  i»  given.  Its  obvious  function,  is  to  lighlcn  the 
meuibrunuus  region.  Moreover,  considered  thus  in  the  aggregate,  the 
lamina  spiralis  is  a  triangular  plate  wound  round  upon  a  central  conical 
core,  and  which,  therelbre,  is  broadest  at  the  base  of  the  coclilea,  and 
grulually  tapers  off  toward  the  apex.  It  is  to  lie  understood  that  the 
cochlea,  like  all  other  portioTis  of  the  labyrinth,  is  filled  with  water. 

Upon  the  spiral  Uuiiua,  issuing  furlli  through  Its  bony  portion,  are 
placed  the  ultimate  filaments  of  the  auditory  nerve.  These,  having  cast 
off  their  wliite  substance,  come  into  relation  with  elongated  Tcsiclos. 
and  are  thus  di-strihuted  U]H)n  the  membranous  portion,  the  membrane 
being  kept  uniformly  tense  by  the  action  of  tlic  oochlearis  muscle. 

f^tj.  IH8,  ]i,  370,  Rcclion  of  the  cochlea  through  its  axis,  magnified  four 
diameters,  anil  ithowing  tho  cochlear  branch  of  the  andiKHry  nerve,  ao- 
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companied  by  eomo  vascoiar  raniiAc.:- 
tions  acroaa  the  conduits  of  tlto  rolu- 
mella  to  the  spiral  lamina. 

Fitj.  18y,  Bcction  of  the  cochlea,  nwg- 
nifie<I  oix  diameters,  to  show  the  lU*- 
trilintion  of  tJw  coclilear  branch  of  the 
audilory  nerve  from  its  perforation  of 
the  columella  to  its  tenuinalioit  on  the. 
optral  lamina. 

I'ujtf.  lyo,  ISH,  ahowing  the  middle 
and  internal  car  by  a  Bcction  of  the 
Rupcrior  face  of  the  petrous  bone,  and 
principally  the  entire  distribution  of 
the  auditory  nerve :  t,  a-,  hammer, 
holding,  l>,  b,  &,  its  internal  uiu«cIo ;  c, 

Kip.  l***. 


l>Lllrt<luluiu  Li 


Fv-im 


r,  c,  its  anterior  muscle ;  and,  tl,  its 
external  muscle;  e,  e,  tir\y\\\/,  len- 
ticular boiic ;  <7,  stirrup ;  /*.  muscle 
thereof;  ',  chorda  tynipani ;  J,  fa- 
cial nen-e,  receiving,  Jt,  great  eu- 


Tilt  oMlt'lca  Md  Uii-if  niurfM. 


(ti:i;<'>-l  ill- 1,  .iiittiou  (if  Kodi'lvcy  ncrre 

perfidal  |)etrO'«i! ;  /,  cochlea ;  m,  auditory  nen-e:  w,  its  oocldear  branch ; 
«nd,  0,  its  vestibular  branch,  furnishing, 7>.  branch  of  posterior  vertical 
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ciinal:  y,  branch  of  sacculns;  r,  bram-li  of  utricle;  *,  branch  of  horizon- 
U]  canal ;  ^  /,  branch  of  superior  vertical  caiml. 

We  proceed  now  to  the  consideration  of  the  functions  of  the  cochlea. 
The  principles  of  acoustics  woiUd  lead  ua  to  infer  tliat  sounds  entering 
Uh  cochlea  throw  into  vibration  its  spiral  lamina,  an  inference  punctinu  of 
vtich  is  8Upt»ortcd  by  anatomical  considexations  in  legard  lo  Uiecodile*. 
tlie  position  and  function  of  the  cochlciin»  muscle  in  keeping  the  mem- 
Innons  portion  of  the  lamina  at  h  duo  degree  of  lennion.     Wc  should 
ibo  infer  that  each  external  sound  does  not  throw  the  lamina  into  vi- 
bratioD  throughout  itA  whole  length,  bnt  only  on  a  special  and  com> 
iponding  point,  and  thereby  afl<''i^t<i  aolcly  the  filament  of  the  auditory 
aerre  in  connection  with  tliat  point;   that  sounds  wliich  arc  low  will  act 
QpOQ  the  broader  portions  of  the  membrane,  near  the  mouth  of  the  coch- 
lea, and  those  wliich  are  high,  Ihi^  narrower  portions  near  the  apex.      In 
ihie  respect,  therefore,  the  function  of  lieuring  HhouUl  luivo  two  liniit8, 
une  for  low  and  the  other  for  high  notes,  as  e:cperience  proves  to  ns  is 
ictnaliy  the  case  :  but  posslliiy  the  scale  is,  ao  to  speak,  enlarged  through 
the  various  degrees  of  tftnscncfls, which  may  be  given  by  the  contractions 
of  the  cochlearis  muscle.     A  general  idea  of  tlic  nature  of  thin  limited 
vil>ntioii  may  be  obtained  by  rec:iJling  tlic  effect  which  is  piirdnl  trin*. 
I'roduced  when  one  musical  instrument  is  played  in  the  vi-  l,"'!'^!^"'!^* 
ciuity  of  another,  aa  when,  for  example,  a  tiate  is  played  cuviiiea. 
itear  to  a  piano-forte,  the  stringH  of  the  latter  are  thrown  into  »vni|mihctic 
nbnuion,  and  the  piano  emitK  h  noto  antswcring  to  each  note  of  the  flute. 
AJI  the  strings  arc  not  thrown  into  vibration  at  once,  but  for  each  note 
"f  the  tiutc  that  string  of  the  piano  \-ibratea,  the  length  and  tension  of 
'"'hicli  arc  duly  adjuntcd.     The  same  thing,  again,  may  be  seen  when 
lituical  rounds  are  originated  near  a  stretched  membrane,  the  surCaceof 
■Hiicb  hsB  been  dusted  over  with  grains  of  dry  uand.     The  whole  sheet 
'*f  the  membrane  is  not  cast  into  vibration  at  once^  bnt  some  parts  move 
■»id  some  remain  at  rest,  and  so  the  sand-grains  dance  np  and  down  on 
^^  librating  parts,  and  soon,  being  cast  therefrom,  accumulate  on  the 
P*ns  that  arc  still,  and  mark  out  what  are  termed  nodal  lincA.     These 
"^Odal  lines,  or  places  which  arc  motionless,  arc  frequently  of  remarkable 
^iDplexity  and  sytnuelry.  as  may  be  seen  from  the  figures  of  them  given 
*•*  any  of  the  books  on  natural  philosopliy. 

it  is  immaterial  in  what  manner  the  sound  has  reached  the  cochlea, 
"••"betliPT  tlirough  the  auditor}*  canal  or  through  the  bones  of  (Vmre*  of 
'Ue  akuU  generally:  the  effect,  as  far  as  the  spiral  lamina  is  uundiuiba 
^Onecraed,  will  ho  the  saniu  in  Ixith  cases.  Thai  sounds  can  "^^  *'' 
VQcMDtly  reach  the  auditory  nerve,  and  produce  thereupon  their  proper 
*Qect.  without  ever  having  pajtaed  tlirough  the  auditor*'  cajial  or  the  drum, 
_  ^  manitested  by  a  great  many  familiar  facts.     We  still  continue  to  hear 
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distinctly,  though  not  so  plainly,  when  the  cxteraal  canal  ia  cloaed  by 
Bome  obtitniction — nay,  even  when  the  fioand-giving  object,  aa  a  watch, 
is  put  into  the  tnoutti.  So  it  would  apppar  that  the  funMion  of  the  coch- 
lea is,  in  a  certain  sense,  independent  of  the  drum,  though  we  have  to 
ailmit  that,  for  the  precision  and  perfection  of  hearing,  tlie  latter  is  nec- 
essary. 

In  the  view  here  presented,  I  consider  tliat  each  exteroal  muBical  note 
TiMeDdiieA  caoses  a  special  portion  of  the  spiral  lumiita  lo  vibrati^  and 
Uu""rrii!^  tliat  thft  iHirticular  nerve  fibril  BU]iplj*ing  tlmt  iwrtion  is  at- 
tioB  or  soindii.  fectcd  then^hy,  and  thus  ii  distinct  sensation  is  communi- 
cated to  the  brain,  the  nerve  fibrils  to  tJie  right  and  left  of  the  one  af^ 
fccted  lying  at  rest.  It  may  probably  be  that  the  denticulate  Htnieture 
describecl  by  Drs.  Todd  and  Bowman  has  for  its  duty  the  more  perfect 
production  of  this  isolated  etlect,  or  that  the  teeth  thereof  act  like  the 
dampers  of  a  musical  iustrument,  and  restrain  tlie  vibration.  Notes  the 
wave  length  of  wliieh  i»  great,  or,  what  is  tiie  same  thing,  the  times  of 
tlie  vibrations  of  which  lue  long,  affect  those  portions  of  the  spiral  lamina 
which  arc  broad  »iid  near  to  the  base  of  tlic  cochlea,  but  not«it  whoso  wave 
lengths  arc  short,  and  times  of  vibration  ciirrertpondingly  brief,  aflect 
those  portions  ncai'  to  the  apex.  }ti)t  probnbly  the  scale  is  changed,  as 
before  said,  by  the  tension  of  the  cochlcaris  musclo,  and  thus  the  same 
part  of  the  lamina  can  take  charge  of  a  range  of  many  octaves. 

It  may  be  inquired  how  it  is  that  a  sound  passing  through  the  audi- 
_.       ,  tory  canal,  the  bones  of  the  tympanum,  the  membrane  of  tlie 

•n  inicrferenca  fcitcstra  ovalis,  and  thus  anecting  its  destnied  portion'  of  the 
menhMiiMii.  Jftjnina,  does  not  givu  rise  to  an  idea  in  tho  mind  of  rc|«ti- 
tion  or  reverberation  by  moving  hack  and  fortli  through  the  two  scalre, 
and  affecting  its  proper  nerve  fibril  at  each  passage.  Is  there  not  a  ne- 
cessity for  the  existence  of  some  mechanism  of  interference  which  aIuU 
destroy  the  wave  after  it  has  once  done  its  work?  Admitting  the  force 
of  such  inquiries,  we  can  not  avoid  being  impressed  with  the  fact  that 
the  two  scalie  into  which  the  cochlear  tuW  is  divided  present  all  the  a»- 
fleets  of  a  mechanism  constructed  for  the  discbarge  of  such  a  duty.  For 
intcrfcrcnec  to  take  })lacc  among  undulations  of  any  kind,  waves  upou 
water,  sounds  in  the  air,  or  the  ethereal  undulations  which  ronstilutc  light, 
the  essential  condition  is  that  llioy  shall  run  through  paths  of  unequal 
length,  the  inequality  being  one  of  a  series  of  numbers.  They  must  also 
be  brought,  for  a  full  practical  effect,  to  their  common  point  of  encounter 
under  a  very  acute  angle,  and  these  conditions  are  repre«;nte<l  in  the 
scala  vestibuli  and  the  scnla  tympani,  which  are  of  unequal  length,  placed 
at  such  an  acute  anjjlc  to  one  another  that  they  might  abiiost  bo  said  lo 
be  [tarallel,  occupied  by  a  tluid  of  the  same  density,  and  through  both  at 
the  same  moment  are  passing  the  undiJations  which  constitute  Ihe  same 


nmonOH  of  thb  cochlea. 


vmind.  ono  having  hoen  communicated  by  the  fviicstni  ovalis,  ttie  other 

through  the  fenestra  rotun<la,  their  common  point  of  convcrfi^noe,  and 

peihspa  of  mutual  dcstniction,  being  at  the  helicotrcma,  the  apcriuro  at 

tk  apex  throngh  which  they  intercommnnicate.     Nor  can  vrc  fail  to  he 

itnck  by  the  circumstance,  if  tUi8  explanation  of  the  function  of  the 

wJffi  be  correct,  in  wliot  an  admirable  manner  the  whole  in-  xdiiMinirnt  of 

atnunent  is  provided  with  self-adjusting  |>ower,  since,  when  tti«  imtitb  «r 

tke  stirrup  forces  in  tlm  mi'-mbnmc  of  Ihe  fenestra  ovalis.  the     * 

pmaore  which  is  communicated  through  the  water  pnah&i  ont  the  racm- 

hnme  of  the  fenestra  rotanda,  and  thereby  the  relative  length  of  the  two 

BCklsB  has  changed,  the  one  having  became  longer  by  as  mnch  as  the 

other  has  become  shorter,  an  acljustmcnt  necessary  to  bring  about  total 

tatcrference  at  the  helicotrema.     .'Vnd  we  might  add  that  such  a  con- 

ttmctioii  Js  all  the  more  iuten:«tiu^,  for,  since  it  in  the  intensity  of  the 

,TPH  that  is  to  ho  dcslniycd,  relianc*-.  is  had  uptjn  tjit-  iiiteJisity  instm- 

nent,  iJie  dram,  to  produce  tiiat  effect,  ami  it  is  done  by  the  contractions 

of  the  tensor  t}'m|>ani  and  stajiediu.'t  muscles.      Porliaps  the  perfect  ac- 

roinpliidimeiit  of  liiin  interference  is  the  standard,  to  whicli  tUlnsion  has 

ban  made  Iiefore,  by  which  the  mind  judges  of  the  power  which  lias  been 

pot  forth  by  thoae  muscles,  and  thereby  of  the  intensity  of  the  sound. 

From  the  comparative  anatomy  of  the  coclilca  and  the  character  of  tlje 
toad  organs,  iL  Dngcs  formerly  came  to  tlio  conclusion  tlmt  -^  oaniiive 
liw  cochlea  has  for  its  function  the  determining  of  the  pitch  uiUo4a.Tofilw 
«f  sounda.  In  man,  whose  vocal  powers  are  most  varied,  it  "*"*'''^'' 
exists  in  the  highest  perfection ;  in  birds,  whose  vocal  powers  are  more 
mtrictod,  it  is  reduced  to  a  short  and  slightly  cun'cd  lube,  but  still  di- 
ridcd  by  a  longitudinal  septum ;  in  reptiles,  it  exists  only  in  a  mdimcnt- 
uy  state. 

The  neceit^ary  existence  in  the  ear  of  some  mechanit>m  for  the  piiri>06e 
of  preventing  rever(x-.ration  or  repercussion  has  long  been  recognized 
both  by  writers  on  acoustics  and  by  physiologists.  Thus  on  explana- 
tion of  the  functions  of  the  semicircular  eauals  and  of  the  cochlea  npon 
this  principle  i.-*  given  by  Dr.  Hogct,  in  his  Hridgewatcr  Treatise;  and, 
in  like  manncJT,  Professor  .Jackson,  of  Philadelphia,  has  for  several  years 
taught  a  similar  doctrine  in  his  lectures.  Since  1840, 1  liare  in  my  put^ 
lie  lectures  presented  the  explnnntioii  given  in  the  [jreceding  paragraphs. 
It  difiers  essentially  from  that  of  my  iriend,  Professor  Jackson  (of  which 
a  tnief  statement  may  be  found  in  Dr.  Smith's  edition  of  Carpenter's 
Fhysiolog}-.  Philadelphia,  IH.'i')),  in  this,  that  it  limits  the  accomplish- 
meilt  of  interference  to  the  oorhU-a.  The  view  which  I  entertJiin  respect 
ing  the  fiinction  of  the  semicircular  canals  will  be  immediately  set  forth : 
it  does  rot  ap[»ear  to  me  that  they  are  in  any  way  comiected  with  the  in- 
tnfermce  meclianisra. 
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3d.  On  the  determination  of  the  quality  of  «»3unds,  ttie  slmctore  of  the 
semicircular  canals,  and  their  function. 

The  Mmicircular  canals  are  cylJndioid  tubes,  developed,  as  it  wciiN 
Sirui-tiireyfih«  ^^  *^^  Vestibule,  and  of  a  figure  which  has  suggeated  their 
»uii<.ircuUr  nouie.  They  are  three  in  number,  and  jjIhc^I  at  right  angles 
fHiids.  j^  ^jjp  another:  two  of  llicin  are  vertical,  the  third  horizon- 

tal; they  all  open  into  the  vcalihule,  llie  adjacent  branches  of  two  rf 
them  coalcsciug  first.  On  one  of  the  branches  of  each  of  them  there  is 
a  dilatation  just  before  it  joins  the  vestibule ;  to  this  dilatation  the  dea- 
igualiyn  of  ampulla  is  given.  The  vestibule  of  the  labyrinth  may  there- 
fore be  regarded  un  the  common  mouth  of  the  Huniicircular  canals,  and  of 
the  scala  vcstibitli  of  the  cucldea ;  or,  considering  its  order  of  develop- 
ment, the  vestibule  may  be  regarded  a3  the  essential  portion  of  the  lab- 
yrinth, Aiul  the  seitiicircular  canals  and  cochlea  a|){M!ndicc>s  that  liave 
branched  forth  from  il. 

The  vestibule  and  i«emicircular  canals  are  lined  with  a  membrane 
which,  of  course,  copies  their  shape,  yet  it  is  not  in  contact  with  their 
bouy  walla,  l>iit  ui  parted  therefrom  by  a  stratum  of  water,  to  which,  aa 
baa  been  said,  the  name  of  perilymph  is  given ;  their  interior  is  abio 
filled  with  a  Uquid — the  eudolympb,  it  is  called.  The  bony  structure  ia 
called  the  bony  labyrinth ;  tliis  structure  is  the  membranous  labyrintL 
A  portion  of  the  nuihtory  ncr^'o  <hvide.s  into  tlirec  jnain  brandies,  which 
present  themselves  for  the  supply  of  the  anipullaj:  the  brusli-like  tenn- 
nationa  of  these  ore  accommodated  with  an  otolith. 


np.iM. 


ILLUBTIIATIUNH  OP   LAUYKIN'IU   OF   IJiJ^   SIDE. 

EXTSBMAl,  on  TTMnUIIC   fXC*  OP  LAStBimi. 

J^iff.  11)2:  a,  external  wall  of  vestibule,  on  whicli 
is  seen,  ff,  fenestra  ovali»  ;  c,  fencstm  rotundat 
and,  d,  tract  of  the  facial  ner\-e;  e,  superior  semi- 
circular canal ;  jf,  posterior  Bcmicircular  canal :  ff, 
horizontal  semicircular  canal ;  t,  i,  i,  wall  of  coch- 
lea ;  Jt  aqueduct  of  cochlea ;  ^',  portion  of  pctroiu 


UfTKUtAL,  oa  ciLurijLL  rica  of  LABTIUVnt. 

ptff.  191  J^ff.  193 :  (f,  iniemal  wall  of  vestibule ;  ^,  aqua- 

duct  of  vestibule;  c,  base  of  cochlea ;  (/.aqueduct 
of  cochlea;  c^f,  conduit,  at  the  bottom  of  whicli 
are  several  holes  for  the  passage  of  facial  and  au- 
ditory nerves ;  ^,  superior  semicircular  canal ;  A, 
utMtai(M«*ru»ub)rTinib.  posterior  semicircular  canal;  i.,  horizontal  semicir- 
cular cauaL 
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CtTKBIoa  or   bABTKIWni,  SKEX   OV   ITN    KXTKKXAI.  or   TTMfAXlC   rikCK. 

^  iM.    _  J^iff.  194 :  ff,  vestibitle,  into  wliicb  open  the  semi- 

circular canals  by  five  orifices,  and  the  vcBlibiilar 
scola  of  tiic  coclilca ;  6,  0,  section  of  tlin  wiiU  of  tbu 
voclilea  ;  c,  c,  buiiy  portion  of  ttjiirul  Uiiiiiitit  dividing 
tilt;  conoid  cavity  of  the  cocJiIeii  into  scala  vestibuli 
lauitM  u(  ukTTiiith.       and  scola  tyuiponi;  d,  oritice  at  summit  of  cochlea. 

nmeuoB  or  LABtKiym,  seex  on  its  rcTEKSAi.  ob  cbasui.  face. 

190,  l^iy.  1135 ;  a,  veatibular  cavity,  into  wliicU  open  the 

ca^-ilica  of  the  seniidrciilar  canaLs  and  tlie  coclUear  cav- 
ity ;  A,  bottom  of  internal  auditory  canal,  answering  to 
base  of  cixildoa,  and  partly  to  intennd  wall  of  vestibule; 
c,  simple  foramen  it)T  fiu:ial  nen'c ;  (/,  muiy  0f>GnIiiga 
litoi.rorkbTTiiiUi.    f^r  auditory  nerve. 

The  explanation  usually  given  of  the  function  of  the  BomicLrcular  ci^ 
naU  is,  tlial  tiiey  8er*e  to  determine  the  direction  of  aounds.   ,.^jjj.j„„  ^„ 
an  idea  which  has  arisen  from  their  remarkable  rectangiJar  tiiu  .xpUoa- 
position.     I  lowever,  thiis  is  accomplished  in  almoat  all  cases  ^^^^  ^  ^^ 
by  directing  the  external  canal  toward  tlie  point  from  wliiuh  function  of  ilw 
the  wmnd  is  coming,  and  judging  of  its  place  by  the  varia- 
tions of  its  intensity.     Animals  cjommonly  direct  the  external  ear  toward 
the  sounding  point,  guided  doubrlp-is  in  the  same  way.      Some  pUyaiolo- 
gials  have  restricted  the  nae  of  the  semicircular  canals  to  the  collection 
of  those  sounds  which  strike  upon  the  skull,  but,  besides  the  preceding 
considerations,  there  are  others  derived  from  comparative  anatomy  whicll 
seem  to  indicate  that  this  can  scarcely  Iw  their  duty. 

The  intensity  of  aouiids  is  judged  of  by  the  tymjianum;  their  pitch 
ur  wave  leiigtli  is  determined  by  the  cochka,  and  tlierefore  TL.-y»roft.r 
there  arises  a  strong  presumption  tliat  tlie  Beniicircidar  ca-  "Jli'i',",!  !!# 
nals  must  liavo  the  function  of  distinguishing  the  third  char-  hhikI*. 
nctcriatic  of  sounds,  that  is,  their  quality ;  since,  if  this  be  not  the  ease, 
tiiere  sccma  to  be  no  other  portion  of  the  auditory  mechanism  to  which 
iliat  office  could  be  a-^isigned. 

The  suspicion  which  we  are  thus  led  to  entertain,  that  the  Bemicircu- 
lar  canals  ore  for  appreciating  the  quality  of  sounds,  is  strengtlicned  in 
no  common  degree  by  facts  of  comparative  physiology.  Unfortunately, 
u'o  know  so  little  of  the  mecluuiical  pccutiurity  on  which  distinctions  of 
i{uality  ilepcnd,  that  we  are  wlioUy  unable  to  trace  out  tJie  structiurU  con- 
ditions of  an  organ  which  should  be  calculated  for  seiKing  on  them.  Wc 
know  that  the  quality  of  a  note  emitted  by  a  violin  is  different  from  tltat 
emitted  by  a  flutc^  though  the  intensity  and  pitch  may  bu  the  same,  but 
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we  can  not  lell  why.     In  iLr  caflc  beforo  iitt,  we  thorrfore  can 
U8istanc«  in  the  way  of  argumwits  from  meclianii-al  |ihilo9ophy,  and  m»1 
limited  to  fhe  nsc  of  those  which  may  be  drawn  from  comparative  anat- 
omy and  (thyaiology. 

Kxamining,  therefore,  what  appears  to  be  the  primitive  plan  of  the  con- 
niamitioD  ot  stniction  of  tbia  mechanism,  we  find  it  to  consist  of  a.  nenrc 
tUtffKfUu-     fibril  in  connection  with  an  otolith,  or  UttJc  stony  body. 

UOfl  OMB  com-     CI.  -iii-i  r  . 

[mntiv*  MM-  oucli  a  construction,  uicludcu  in  a  bag  of  water,  constitatos. 
'^y-  in  point  of  fact,  the  organ  of  hearing  of  some  of  the  lower 

tribes,  as  the  gnstcropwions  moUuscs.  Tliese  animals  can  have  no  po 
ccption  of  tlic  pitch  of  sounds  or  musical  notes,  and  only  an  imperfect  one 
of  intensities.  But  what  they  do  distingaisli  is  one  noise  fVoui  anuther. 
Now  the  idea  conveyed  to  the  mind  by  difference  of  noises  it  precia^ 
the  distinction  thai  we  are  dwelling  on.  that  of  quality. 

I^  instead  of  restricting  our  exauiinalion  to  the  semicircolar  canals^  we 
fjwicrmi  rkw  extend  it  to  the  whole  or^i^  of  hearing,  and  conftider 
fifiiw  •oiUwry  gother,  in  the  case  of  eoch  animal  tribe,  its  Tcquirementa,  as^ 
'"""  "'°'*'"-  tlic  manner  in  which  thone  requirements  are  aali&tiedt 
shall  meet  with  a  siupristng  confirmation  of  the  preceding  views.  The 
lowest  requirement  we  can  conceive  of  is  the  appreciating  of  noises;  an 
advance  upon  tltit*  is  the  determination  of  tlieir  direction;  a  higher  ad- 
vance, tlio  determination  of  their  intensi^ ;  and  a  still  higher*  the  rec- 
qgnition  of  those  combinatiosia  of  impnlsctt  which  confttituto  a  muaieal 
aoiind.  For  each  of  these  Buocessive  requirements  the  anditory  medt- 
anism  must  necessarily  become  more  complex ;  and  thus  it  first  ap- 
pears, as  we  have  just  slated,  as  a  sac  of  water,  containing  a  stonv  grain 
or  otolith  imbedded  in  the  Ksophaf^enl  collar.  A  noise  agitates  th«  ot»- 
Coroparaiin  ^*^  ^"*^  ^y  ■■**  movement  the  perception  of  a  sound  ensnea. 
aaMomjroftiM  In  ceplialopodous  molluscs  the  auditory  sac  is  detached,  and 
*"'  tlta  intercommunicating  thread  represents  tlie  rudiment  of 

whatf  in  the  higUe-r  grade  of  development,  wUL  he  the  auditory  nerve 
With  aiiotlicr  advance  the  sac  is  Imlgi*d  in  a  CArlilaginous  caWty.     Thns..^^ 
in  tlie  cuttle-lish,  a  simple  oirtilaginous  vestibide  exists,  ha^'ing  witiii^^^ 
it  a  membranoufi  bag  or  auditor)'  capsule,  filled  willi  tiuid,  and  upon  ' 
capaole  the  filaments  of  the  auditory  nen-e  are  spread.     An  otolith 
ear-stone  is  placed  within,  and  thia  constitutes  the  entire  apparatus,  w\ 
yet  there  is  no  vibrating  membrane  and  no  feneslral  ajjerture. 

Even  in  slill  higher  conditions  the  purely  mechauieal  character  of  {ft 
structure  is  manifest,  and  so,  in  some  of  those  in  which  the  sac  openit-       O.* 
tcnorly,grainsof  sand,  that  have  been  introduced  by  cliance  from  wid^^BOQ-^ 
rest  on  the  hair  like  tilamc-iits  whicli  the  auditory  sac  contains,  each         ^^ 
ment  apparently  including  a  nerve  fibril.     In  a  still  higher  conditio^^"^  **' 
advunc«,  as,  for  example,  in  the  lobster,  a  portion  of  the  aheUy  wall  wZ^^^^^ 
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farms  the  boaniUry  of  tlic  naililory  cavity  in  imnoiisolitlatnd,  and  a  iiiein- 
\aune  wliicU  atrciclics  over  the  otherwise  vacant  9|>aco  presents  tlin  *irst 
tidtmeot  of  the  fenoMra  ovalis.     With  tlie  exception  of  the  amphioxtia, 
all  Tertebrated  animals  have  a  miecial  organ  of  bearing,  ivhich,  in  suc- 
otsmvc  tribes,  pcesents  an  interesting  increase  of  complexity,  beginning  in 
the  cycIostonKS  with  a  sac  in  the  cranial  cartilages  tilled  with  water. 
■tcrre  Hbrils  distributed  on  its  walls,  and  an  otolitli  included,  but  no  ex- 
ternal communicating  ajverturc     From  this,  in  AucccsHion,  tlie  varions 
ponionft  which  arc  to  be  developed  in  pericction  in  tbe  higher  races  grad- 
nallj  appear:  tlio  myxinc  has  one  scmicircaUr  canal  arising  from  the 
nxtibule,  the  lamprey  hag  two,  the  higher  fornis  have  three.     As  the  case 
ni«y  be,  a  iwrlion  of  the  cartilage  or  bony  parietes  is  deficient,  and,  again, 
the  fenestra  oralis  is  the  result.     Though  in  the  osseous  tishes  there  ta 
p^thiT  tympanum  or  cnddea,  in  i;omc  few  tlie  rudiments  of  the  former 
bcfjin  to  exist.      The  naked  amphibia  have  no  cochlea^  and  only  one  fe- 
UtistiB,  answering  to  the  oralis :  to  this  is  titled  a  stapes ;  but  in  lizanls 
■ad  sealy  scTpents  there  is  a  general  advance,  these  having  a  conical 
cochlea.     As  we  pass  through  them  the  plnn  is  carried  out ;  the  tympan- 
ic cavity  and  its  chain  of  bone«,  the  Eustachian  tube,  and  cochlea  a|>- 
pe«r:  and  with  the  rudiment  of  the  cochlea  there  is  pn-sented  in  tJie  tym- 
piUUG  cavity  a  second  aperture,  answering  to  the  fenestra  rotunda.     In 
K>trtU  the  structure  oilers  a  oontimied  improvement,  commencing  on  a 
pl«n  amdogoos  to  that  of  the  scaly  amphibia,  but  exhilnting  a  speedy 
*»*vclopmcnt.     The  memhrana  tynipaiii  is  composed  of  several  layers; 
'be  cAvity  of  the  drum  communicates  with  coils  in  the  cranial  bones,  the 
*»a]oguea  of  the  mastoid  c«lla;  a  bony  Eustachian  tuit&  crosses  to  meet 
**»  feUow  of  Uie  opposite  side,  and  open  in  a  common  aperture.     The  o»- 
**<de8  consist  of  a  malleus,  a  stalf-Hhapod  inttinnedialo  bone,  and  a  flat 
*t«|Ms,  resting  on  the  feneatni  ovaUs.     As  if  to  show  a  tendency  to  the 
*^^tA  it  is  eventually  to  assume,  this  bone  sometimes  prcBciits  a  forked 
*$>pcJUTUicc,  the  preparation  for  n  stimip  sliape.     As  re^iards  this  bone, 
^^irids  and  mammals  may  be  said  to  overlap,  for  tn  ita  more  developed 
Condition  in  lards  it  bitiircates,  but  in  tbe  Iowc-T  mammaln,  aa  the  Icanga- 
*Oo,  it  ifl  still  cylindric.     In  birds  of  prey  tlie  semicircuhir  canals  are 
•Vfge,  the  couhlea  fairly  developed,  though  as  a  straight  or  slightly-curved 
^QblD^  containing  its  scah-e  and  vibr.iting  lamina:  the  vestibule  has  ear- 
■times.      TItrougli  the  monotremata  ihia  condition  of  construction  is  con- 
ttQaed  into  the  perfect  maiunials :  all  the  aerial  tribes  have  external  ears, 
tnd  ftill  development  is  reaebed  in  tbe  auditory  mechanism  of  man. 

2fow  if  we  collate  the  facts  here  preacntcd  with  the  rcrrjuircmcnt  of  the 
oQadition  of  life  which  each  of  these  successive  races  seems  to  demand,  we 
*liall  find  that  the  remark  heretofore  made,  that  the  semicircular  canals 
it^  ibr  the  recognition  of  the  qnaUties  of  sound,  is  strikingly  home  out. 
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though.  Iron)  oar  ignorance  of  what  it  is  in  which  quality  consists,' 
wholly  unable  to  oflrr  an  explanation  of  the  ])reciBe  mode  of  actitm 
that  )>art  of  the  auditor)'  mcchoiiitin). 

Wo  arc  ao  prone  to  extend  our  ideas  of  our  own  perception*  to 

Partial  diMe>     *^*^  of  Other  nnininls  that  it  may  not  here  be  unprotitable 

ttiabitoT  oiTer  a  remark  wliidi  may  serve  to  correct  sucfa  views. 

manyof  tlie  sounds  with  wUicii  weare  familiar,  birds  andot 
cr  lower  tribes  are  totally  deaf;  they  can  not  appreciate,  except  within 
narrow  range,  the  notes  of  uuit^ic,  aitd,  indeed,  to  oil  those  in  which  there 
is  DO  cochlea  such  note«  are  inaudible.  In  the  lower  grades  nothing  more 
than  a  noise  can  be  detected,  and  that  doubtless  in  a  very  indefinite  war. 
We  can  thcrefGdre  understand  how,  through  imperfection  of  construction, 
they  arc  cat  off  trom  the  perception  of  on  infinite  nunibcr  of  occorrencee 
which  are  obvious  cnoogh  to  us.  Even  among  our  domestic  animaU, ' 
whieli  wti  so  often  Bpeak  oc  sing  in  the  way  we  do  1o  one  another,  the  ii 
tellectual  obtuaciicsa  wliich  we  tliiok  vre  recognize  doubtless  originates 
in  an  incapacity  to  rtMxivc  those  expressions,  because  of  faulty  structural 
condiliotL 

In  closing  these  remarks  on  tlic  acnso  of  hearing,  it  is  necessary  l^| 

.  . .  .  direct  attention  to  the  orfler  of  dcveJonnicnt  of  the  oriran  in 
upmatof  tiia  the  luuividual  of  the  huiimu  species,  as  vre  have  done  in  the 
**''  case  uf  the  successive  tribes  of  animals ;  and  here  it  may  be 

idfirnicd  tliat  tlic  car  of  man  passes  in  a  transient  succession  tlirough  all 
these  pennatient  animal  forms.  It  originates  at  first  from  a  buddii^ 
Ibrih  of  the  vesicle  of  Ihc  medulla  oblongata,  the  issning  cell  becoming 
by  degrees  pear-shaped,  and  connected  with  the  parent  cavity  hy  a  thread 
or  stalk.  The  pear-shaped  cavity  is  the  rudiment  of  wliat  is  cventtull' 
10  be  tlie  vestibule:  the  pedicle  iviU  become  the  auditory  nerve.  E' 
at  this  early  period  the  cavity  contains  an  otolith,  liy  degrees 
(irises  from  the  folding  in  of  the  walla  of  the  vestibule  the  curved  formg 
ihui  arc  to  become  the  scmicirculiu'  canalis  and,  at  a  |)eriod  a  little  later, 
in  an  analogous  way,  the  cochlea.  At  one  stage  of  this  developmrjit  tho 
membranous  labyrinth  presents  an  almost  identical  aspect  with  that  of 
the  retina  at  the  time,  both  being  com|Mfled  of  a  fibrous  network  inter- 
spersed with  granules  and  nucleated  cells,  the  shadowing  forth  of 
parallelism  of  construction  which  may  be  traced  in  the  two  organs 
they  have  reached  their  utmost  devetupmcnt,  the  ouc  for  the  cOj 
■ff  nonnal  and  the  otliur  fur  transverse  vibrations. 

And  so  it  appears  tliat,  as  rcs|)ecl8  the  organ  of  he-nring,  its 
tUuiiniJftnof  developnjent  in  tlie  individual  is  idenlicJilly  tlie  same  oa 
ihe  impftrfte.    ofdcr  of  development  in  suocessive  tribes  taken  in  the 
trine  of  raum  gw^gate.     In  the  tatter  case,  we  constantly  regard  its  con- 
dition of  construction  as  arising  from  a  purposed  ailaptation. 
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'  to  the  wants  of  the  animal.     Wc  eonaidcr  it  a*  affording  a  a&rics  of  tl- 

hutnitire  instances  of  tlie  use  of  means  for  the  production  of  definite 

rnds.  and  therefore  as  exliibiling  the  evidences  of  design  ;  hut  what  ace 

*«  to  make  of  the  other,  tlie  jiarallcl^  the  individual  case,  in  which,  in 

■ucoutoou,  the  organ  prefleiiLs  eucli  one  of  these  particular  fonns,  and  in 

vUch  not  one  is  ever  used,  save  only  the   most  complete,  the  last? 

Tliere  would  seem  here  to  be  little  of  adaptation,  tittle  of  means  to  an 

tsd,  nothing  of  ile.^ign.     But  doci  not  this  prove  to  us  (and  the  otlier 

01^8  o1'  sense  will  furnish  a  similar  argnmcnt)  that  the  dcvelopnicitt  of 

tiw  Tarions  auiinal  tribes,  and  of  each  individual  of  those  tribes,  takes 

pkoQ  under  the  operation  of  a  fur-ivaching  and  common  law,  and  tluit  the 

particular  condition  which  any  species  presents,  or  even  any  individual 

Bt  some  special  period  of  bis  e^tistcnce,  is  a  manifestation  of  the  degree 

■T  extent  to  which  tliat  law  has  been  carried  out  ? 
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•t^njtff  irtam  SoHHd  and  fJghi. — Comjiaralir^  Amttami/  ^'  Virien. — Ptrt^iM  »f  WarmA. 
— &ntamn  tf  OoM.—V»t  ^  Lmtu.—Jtiiteat  Priinytk  <^  lAe  Organ  ^  TuMt. 

*^**-»^titm  fiT/Atf  BvKmK  Ey. — Ofttital  Artu^n  t/iti  t*aru. — SfAaieal tmd  OtraoKUie  Ahtrro- 
I  *^^^~  Rrrriyim-}  firrtm  of  ikt  Eyf  *>  lAe  Uiiri!  Pvjmna. — Lony  ami  fJtort  SiglH,  iwrf  lirir 

I  Qtmnitm. — LimiiM  »f  Vuion  are  iitcimUd  im  gne  Octac*.—/Jmil  *a  ufWKiliii^  ikt  AvyACMM 

-*'*tym*  .VrrAmMM  of  tA*  Eyt   iU  Sirtirinrt  and  FioKtioaa. — Jfanntr  of  i\rrrfttiam  bg  flW 

AetHiL.—  7V  tilitcl  Piymtnt  itbaori—  titt  Jlitft.—Sinyle  <dmI  tlaiMt  Ttnoa. — Gurtitian  of  /m- 

n  ftMMtmu.—Ocuiir  J^ptrtra.^  Erect   V'uionj—Idfar^llitSoS^jfnfIiodi»j—lIiff«tht^av^ 

JK      *^  Artitm  ly'  thr  Hrlum. 

^^"^'^•tary  AfyuirtibtM  <j  Me  Eye. —  tht  Eythroiet. — Ey&U. — t^aeJtrgnat  Afiftaraia*. — itiacia 

Tbe  physical  difference  between  waves  of  sound  and  wares  of  Ijgbt 
■*•  been  already  stated  to  consist  in  tliis,  that  the  vibrations  ^^,  ,^ 
wbich  give  rise  to  the  fonncr  coincide  with  the  direction  in  twwn  Munij 
'^Iiich  the  wave  passes,  but  those  of  the  latter  are  transverse.  *  '*  *' 
^bcre  is,  however,  notwithstanding  this  difference,  a  general  analogy  be- 
'*reen  the  structure  of  thn  car  and  that  of  the  eye,  and  provision  must 
"^  made  in  tlie  case  of  the  organ  of  sight  for  determining  the  fundamental 
P*Cttliaritie8  wliich  are  necessary  to  be  determined  in  the  case  of  the  or- 
^o  of  sound  ;  tliat  is  to  say,  intensity,  wave  length,  or  time  of  vibra- 
^>oii,  uid,  in  addition  thereto,  the  requirements  of  this  particuiax  prob- 
^  demand  that  means  should  he  included  for  asccrtauiing  with  exact- 
i>«n  the  shape  of  objects  and  their  relative  positions. 
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Of  the  tliflferent  methods  which  we  might  foHow  in  the  discnssion  of* 
ImpuHww  ot  the  mechanism  of  the  eye,  none,  perhaps,  is  more  satisfacto 
Ure^^^  rj-,  or  leads  to  clearer  conclusions,  than  that  wliich  U  pre- 
afviaUn).  rented  by  comparative  anatomy.     It  is  just  as  difficult  to 

lake  a  complicated  organ,  euch  as  the  eye  of  mao.  and  &om  the  stady 
of  it  lo  diMlucc  the  signiticancc  of  its  various  parte,  as  it  would  be  to  take 
a  complicated  humati  contrivance  and  determine  from  it  the  properliea  of 
its  meciuinicol  elements.  It  is  Bcarcfly  from  the  wnlcli  or  other  delicate 
machine  that  we  shotild  expect  to  make  plain  the  propcrdca  of  the  lerer 
or  the  wheel,  and  experience  shows  that  it  is  only  by  the  attentive  study 
of  the  cases  presented  by  coiiiparative  physiology — those  experiments 
made  for  us  by  nature,  as  Cu^iEB  lias  called  them — that  we  can  hope  to 
advance  to  the  perfect  solution  of  this  problem. 

Treating  the  subject,  therefore,  in  tliis  way,  we  observe  that,  in  the  an- 
imal series,  long  licfore  any  thing  likp  a  distinct  organ  of  vis- 
cei-tjoiiof  ion  can  be  detected,  there  i«  yt-t  a  jK-rccplion  of  light  and 
wMTiith.  darkness.  The  hydra,  a  fresh-water  polype,  offers  an  exam- 
ple, for  this  animal  seeks  the  sunny  side  of  the  vessel  in  which  it  is 
placed,  preferring  it  to  the  shade.  In  the  absence  of  every  vestige  of  a 
visual  organ,  there  can  not  be  a  doubt  that  its  movements  depend  on  the 
perception  of  warmth,  just  as  when  a  man  who  is  totally  bhnd  passes 
from  t]](!  sun  into  IIir  shade,  his  feelings  at  once  notify  him  of  the  change. 
In  a  physiological  sense,  it  is  of  no  interest  to  us  to  inquire  into  the  phys- 
ical nature  of  this  effect,  whctlier  light  is  identical  with  heal,  or  whether. 
when  light  falls  upon  a  body,  it  turns  into  heat.  We  have  only  to  ac- 
cept- it  as  a  fnct  capable  of  abundant  es])erimcntal  proof,  that,  whcncTcr 
rays  of  light  fall  on  a  surface,  that  surface  Iwcomcs  warm.  This,  as  we 
sluiU  now  tind,  is  tlic  key  of  all  tlic  explanations  wc  have  to  give. 

Dr.  Franklin  made  an  experiment  to  the  following  effect.  lie  placed 
iir  Frankiin'd  0"  the  snow,  on  a  sunshiny  winter  day,  pieces  of  cloth  of  dif- 
Mpcritumt.  ferent  colors— black,  yellow,  white,  etc,  etc. — in  i«uch  a  posi- 
tion that  the  sxin's  rays  fell  equally  on  them.  After  a  certain  length  of 
time,  on  examiliing  thcni,  he  found  tliat  the  black  cloth  had  melted  its 
way  deeply  into  the  snow,  the  yellow  to  a  less  depth,  and  the  while 
scarcely  at  all.  He  iherefon-  drew  the  conclusion  that,  when  they  are 
reeeiWng  light,  surfaces  become  warm  in  proportion  to  the  depth  of  their 
tint,  and  that,  of  all  surt'aces,  one  having  a  velvety  blackness  is  most  sen- 
sitive, because  it  con  exert  the  ntost  powcj^iil  absorbent  agency. 

On  this  principle  seem  to  be  constructed  the  ocelli  of  the  lower  tribes. 
Owiii  of  iow«r  These  consist  of  a  collection  of  pigment  granules,  usually 
BBimat*  wn-  pj"  ^  j(,j^  black,  or  dark  color,  seated  on  the  expansion  of  a 
FniiikUir*  nervous  thread.  I  ho  pnnciple  wJiich  is  clearly  contained  m 
principlB.         jjjjg  njecljanism  is  that  of  relieving  the  genemi  surface  from 
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the  impression  of  light,  or  ratlier  of  rendering  it  more  intense  by  ccntral- 
iiing  it  upon  a  special  locality.     Such  a  construction  involves  at  onoc  a 
diange  in  the  uerrous  mecLumiam.  by  Uevoting  a  particular  syGtem  of 
aerre  tubules  to  the  new  duty.     But,  notwithstanding  this  incroaaing 
oMnplcxity  of  atructiire,  the  physical  principle  is  still  as  Himple  as  be* 
iott.     It  is  indeed  almost  as  tliough  a  blind  man  should  paint  upon  bis 
aidn  ■  black  space*  so  that,  as  in  Franklin's  experiment,  it  might  be 
more  ficnfiitive  to  the  sun.     With  thhi  devotion  to  a  new  dnty  the  nerv- 
_«us  tubules  doublless  assume  an  isolated  function,  and  thus  there  arises 
of  special  sense.     The  ooelU  of  the  lower  aniuials  are  sometimes 
~^llito  numerous.      Front  this  a  new  power  is  at  ouoe  duri^cd.  (he  |wwer 
«f  detenilining  tlie  position  ut'  tJie  source  of  light,  a  property  whicli  doubt- 
Jess  becomes  more  perfectly  marked  in  proportion  to  the  ntunber  and 
symmetry  of  arrangement  of  the  ocelli.     As  we  ui^i^nd  the  animal  series 
ni  oar  examination,  wc  soon  lind  that  complc-xity  i.s  Ijcing  introduced, 
.i  membranons  hood,  arising  from  a  little  fold  of  the  external  tegmuent, 
akkdows  forth  the  rudiment  of  an  eyelid,  and  seems  to  indicate  to  us  that. 
«rca  in  tliese  low  grades,  the  condition  which  we  shall  eventually  find 
9«  Btrikingly  marked  in  the  high  ones  already  exists,  tliat  functional  ac- 
tiriiy  involves  destruction,  and  that  the  sensory  mocbanisai  must  liavc 
ale  period  of  rcfiosu. 

Approaching  the  more  highly-developed  conditions  of  tlie  oi^an  of 
▼iooii.  we  may  next  consider  the  cases  presented  by  the  in,r(j„(,(oo^f 
^res  of  insects  and  the  eyes  of  higher  manimalia.     In  these  wuvcrginKOM. 
*  n«w  physical  principle  has  been  introduced,  tlie  optical     ^ 
piDperty  of  the  convex  lens,  a  tratispareuL  solid,  having  one  or  both  of 
tCs  aarfacca  cur\'ed,  and  obtaining  thurct'rom  the  power  of  forming  rcpre- 
*tetationH,  or  images  of  objects  which  may  be  in  front  of  it,  at  a  certain 
^>^  distance  behind,     thich  images  ore  seen  when  we  take  a  magnify- 
''ig  glssa  or  a  convex  lens,  and,  holding  a  piece  of  paper  he-  -j-^„  f  ,        j 
'^ind  it  at  a  paitJadar  point,  tliere  will  be  depicted  upon  the  iu  vanuioDB 
t«per  the  inverted  forms  of  whatever  objects  may  be  in  front.  '°*  '*'*'""='• 
^liat  distance  ia  the  focal  length  of  the  lens.     But  we  may  farther  no- 
'ice,  and  to  this  observation  our  attention  will  be  ropiircd  hurvul'ter,  that 
the  fixal  length  is  variable.     If  the  object  be  near,  the  focal  length  is 
Ip^tcr;  if  distant,  it  is  less. 

Tbc  instrument  known  as  the  camera  ohscura  represents  the  optical 
^instruction  of  the  eye.  Upon  a  receiving  stufaoc  or  screen,  Thn  csmsra 
l>Uoed  at  the  focal  distance  behind  its  lens,  images  are  dei>icted  <'i'*«<if*- 
^whatc^'eT  ol^ects  may  chancu  lu  bu  in  front ;  but — and  this  is  u  remark 
^  intfoiBCtt  to  us  n<nv — Uie  >isual  range,  or  tield  of  view,  is  quite  limited. 
i^o  animals,  the  perfection  of  whose  \ision  requires  tliat,  instead  of  being 
^airicted  in  their  view  to  a  narrow  space,  ihcy  should  bo  able,  as  ii 
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were,  to  takn  m  almost  a  hemisplierc  at  a  glance,  thig  extension  of  il«- 
vUudl  function  can  only  be  uccompliahcd  in  one  of  two  dlirerent  ways. 
DiffcMaitcon-  '^'^  "*^  *^'*  'l^u^tration  we  havc  been  employing,  it  m»y  be 
trivuMa  for  readied  by  having  ijiniuncrable  camene  i>ointiiif;  iii  iunumer- 
UrmriWdor  "^^"^  (lircctionft,  aiid  conveying  the  ivsulliiig  images  to  onr 
via*  hy  tb«  ooiDtnon  BUflace,  or  by  liavtng  one,  or  at  most  two,  camenB 
set  apon  n  movable  stand,  which  can  quickly  point  them  in 
any  direction,  and  »o  enable  them  to  innpcct  successive  fields  of  view 
with  almost  instantaneous  rapidity.  The  former  plan  is  resorted  to  in 
most  insects,  the  latter  in  man.  In  itiaects,  the  immobility  of  the  head 
upon  the  trunk  would  interlcre  with  any  rapid  rotation  of  the  visual  or- 
gan; in  man.  the  facility  with  which  rotation  can  take  phicc  upon  the 
neck  an  on  an  tkxis,  and  the  movement  of  tlic  oyc  in  its  orbit,  accom- 
plishes the  object  without  any  kind  of  difli(;nlty. 

In  continuing  an  investigation  of  the  sinicture  of  the  eye,  it  is  con- 
venient to  consider  it  under  three  heads:  1st.  Its  opticol  meclianiam : 
2d.  Its  nervous  mechanism ;  M.  Its  accessory  apparatus. 

Ist.  Of  the  Optical  JFcchanism  of  the  I^ye. 

The  human  eye  is  of  a  globuhir  foim,  and  about  one  Inch  in  diameter. 
Tbc  bDniAn  ^*  '^  "''t  Mrfeetly  epiicrical.  its  lateral  diameter  being  ahorter 
■J^-  than  its  antcro-poslerior  by  about  one  twentieth  part.     It  mav 

be  described  as  consisting  of  lhr»'e  coate.  which,  forming  a  shell,  contaiti 
transparent  media  and  tlic  optical  apparatus.  It  might  also  be  consid- 
ered as  arising  from  an  ex|»in3ion  of  the  optic  nen-c  into  an  almost 
spherical  cavity,  and  which,  being  fortified  by  certain  tissues  behind, 
has  a  dioptric  mcchani^ni  in  front. 

The  coats  of  the  eye  me  three  in  number:  the  sclerotic,  tho  choroid, 
and  the  retina.  The  sclerotic,  which  is  the  exterior,  is  a  white  fibrous 
membrane,  very  tough,  and  jHissessing  the  necessary  resistance  to  give 
moclianical  protection  to  the  parts  within.  Within  this  is  the  choroid,  a 
vascular  Invcr  or  tunic,  presenting  on  its  interior  the  binck  pigment  which 
darkens  the  interior  of  the  eye.  The  innermost  coat  is  the  retina,  an  ex- 
pansion of  the  optic  nerve.  The  sclerotic  coat  is  perforated  in  front,  and 
into  the  circuhir  ajierturo  so  arising  tho  transpai'ent  cornea  is  let,  like  a 
watch-glass.  Many  anatomists,  however,  consider  that  the  cornea  is 
absolutely  continuous  with  the  sclerotic,  and  n  part  of  it;  the  sclerotic 
anil  the  choroid  arts  united  round  the  edge  of  the  cornea  by  the  ciliary 
ligament.  The  iris  is  perforated  in  its  centre,  the  aperliu*  being  design 
noted  as  tho  pupil.  Posterior  to  the  iris  is  the  cr}''stalline  lens,  the  space 
between  the  lens  and  the  cornea  being  fdled  with  the  aqueous  humor,  in 
which  the  iris  floats,  dividing  it  into  two  regions,  called,  from  their  posi- 
tion, the  anterior  and  posterior  chambers.     AH  the  rest  of  the  globe  be- 
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twocn  ihe  back  of  thr  Ions  ami  the  retina  is  fillet!  with  a  sabstnncc  cx- 
trancly  trati^parctit,  and  known  as  the  vitreous  humor.  The  aqueous 
famnor.  tbe  cryHtallirie  !e]i5,  and  the  vitreous  humor,  b}'  reason  of  their 
tnui8parcncy»  offer,  therefore,  no  obstacle  to  the  passage  of  light. 

iLLrrraiTuixB  or  na  ktk. 

F\g.  196:  a,  a,  sclerotic^  turned  over;  b,  choroid;  c,  c,  ciliary  nerves 
tnverBing  Bclerotic.  and  going  between  it  and  choroid ;  rf,  retina ;  tf,  vit- 
leim*  body ;  j\  crj-stalltne ;  (7,  middle  section  of  iria ;  k^  middle  section 
of  cornea;  i,  anterior  cliamber;  ^*,  posterior  chamber;  k^  canal  of  Konta- 
f<9.  i«L  na,  between  the  ciliary  circle  and  iris 

on  one  side,  and  sclerotic  and  cornea  on 
the  other. 

Pig.  IM. 


Sig.Vy*  .  ^,  i/ansparent  cornea:  A,  A,  gclorotic ;  f,  iris;  (/,  pnpil:  A 
ciliary  circle  j  f,  choroid,  on  which  is  seen  the  dichotomous  terminaiion 
"f  the  ciliary  nerves ;  j;,  ciliary  processes ;  A,  crystalline. 


sscnoN  or  tbb  etb. 


^ig.  198 :  a,  upper  eyelid  ;  by  lower  eyelid,  showing  the  diflerent  lay- 
'VJ?*-   ,  era  composing  them  ;  c,c,  conjunc- 

tiva, reflcctfnl  from  posterior  face  of 
eyelid  upon  the  anterior  face  oftnr 
globe  of  tlie  eye ;  <L,  </,  orbito-oc- 
ulnr  ajtoneurosijf,  prolonged  upon. 
«;,  the  sheath  of  the  optic  nen'e,  and 
scndint^  fiheatlis  to  the  muscles ;  f, 
the  superior  rectus;  g^  the  inferior 
rectus;  L,  A,  sclerotic,  re-enfbroed 
bfliind  by  sheath  of  optic  nen*c. 
fc«i..nflfth»»]rfc  and  in  front  by  aponeurotic  expan- 

sion ti  recti  muscles ;  (,  transparent  cornea,  cut  to  show  its  lamellar  tex- 
ture ;  y, },  choroid ;  /*,  cilian-  circle ;  /,  ciliary  body  and  processes ;  »i. 
*>i8  and  pupil ;  n,  n,  canal  of  Fontoiui ;  0.  0,  retina,  continuoas  with  aub- 
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Stance  of  optic  nerve;  />,  cUiar)*  circle  of  Zinn;  i^,  q,  tijaloid  roera- 
bnuie  i  r,  capsular  artery,  lo(]gC'd  ia  hyaloid  canal ;  s,  «,  vitreotu  liuuior 
and  its  celU  ;  /.  crystalline  and  its  capsule ;  u,  u,  canal  of  Tetit ;  v,  an- 
teiior  chamber ;  ir,  posterior  chamber. 

Tu  tliis  general  dcecription  oi'tlic  conformation  of  tbc  eye  may  be  add- 
ed a  few  r4.-mark8  on  each  of  its  cuiij«titiieiit  [larta. 

The  Bclenoiic  coat  consists  of  wliitc  fibrous  tissue,  which,  in  addition 
The  wlcrotic  ^  ^"^-  ^^'^  before  menlioned,  affonU  tbc  means  of  insertion  of 
<»«•  the  muscular  mechanism  for  moving  the  balL     It  is  tlitcker 

behind  than  iii  front,  its  relative  tliickncss  ditfering  in  different  aoimaU 
according  tu  the  incc-Uuiiiud  circuniataucei!  to  which  they  have  to  be  ex- 
poeed.  In  tlie  whale,  which  has  to  tc&i»l  the  pressure  of  a  deep  ^ea,  the 
sclerotic  is  an  inch  thick.  In  some  instances  cartila^'  is  included  in  it, 
in  otiicra  bone,  liesidcs  the  ajxjtiire  in  front,  into  which  the  cornea  is 
let,  (hero  ia  another  behind  for  the  passage  of  the  ojitic  nerve.  This 
method  of  description,  though  very  convenient,  is,  however,  scarcely  cor- 
rect, if  we  consider  the  coats  of  the  eye  as  arising  from  expansions  of  the 
optic  nerve,  for  tlicn  the  sclerotic  answers  to  tito  extisrior  investiture,  and 
the  tubolcs  of  the  ncn-c  gain  access  to  tlic  interior  of  the  eye  without 
passing  tiirough  an  aperture,  properly  gptaking.  The  place  at  which 
the  iicL've  enters  Is  not  in  the  optical  axis,  but  at  a  distance  of  about  its 
own  diameter  on  the  intoriur  side.  The  aperture  is  srnidler  on  tlie  in- 
side of  the  sclerotic  than  on  the  outside;  thus  it  presents  a  conical  shape. 
It  ia  not  a  single  Iiolc,  but  rather  a  collection  of  sieve-like  openings, 
through  which  the  optic  tubules  pass. 

The  cornea,  which  is  let  into  tlic  sclerotic  in  front,  is  of  greater  cur\'a- 
turc  than  the  sclerotic.  Its  front  and  back  faces  are  parallel. 
Though  it  seems  to  be  pcUucid  as  glass,  it  has  a  very  intri- 
cate constmclion,  being  composed  of  at  least  i\vfi  separate  layers;  the 
iimcrmost  one,  or  conica  proper,  coosistiiig,  it  ia  said,  of  more  than  sixty 
lamt'lhe. 

The  choroid  coat  is  arranged,  like  the  sclerotic,  for  the  imssage  of  the 
ThflchoroWj  optic  ner\'e.  The  iria  is  commonly  descrilwd  as  a  process 
iu«T»n«i>      of  it.     The  choroid  ia  a  sheet  of  blood  capillaries  ornuurcd 

OHiil  h<r  tritrO'    ,  ,  ■    i  i  ■  , 

^htdag  and  ro-  in  two  layei-R,  an  arterial  and  a  venous,  in  such  a  way  aa  to 
««rii^  bUiod.  gjyg  (|,(.  iiiniost  freedom  of  access  for  the  arterial  blood  to 
the  retina  within.  The  veins  wliich  remove  this  blood  are  placed  in 
curvetl  forms,  and  aru  designated  vasa  vorticosa;  from  the  choroid  also 
the  dark  pigment  is  secreted.  Those  aiiimala  in  which  it  is  absent  are 
called  albinos.  Near  to  the  iris  the  choroid  merges  in  the  ciliary  liga- 
ment, and  gives  forth  the  ciliary  iirocesses,  btung  covered  in  front  by  the 
ciliary  muscle, 
^y.  19U :  a,  a,  section  (rf  sclerotic ;  6,  exterior  surface  of  the  choroid, 
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on  wblcli  are  soent  c,  c,  the  vasa  vorlicosa ;  d,  c/,  ciliary  nen'es ;  e,  ciliary 
ligaments ;  J"-,  anterior  lace  of  izis ;  y,  pupiL 


Fi).  \'.f. 


PiihWi. 


Th*  inlira  of  llw  i^liorvlil. 


Tin  anarlH  i>r  'llic  i-horaid. 

^iff.  200:  a,  a,  exterior  surface  of  the  choroid  and  tlic  iris,  showing  the 
arterial  network  of  these  two  membranes,  supplied  by  the  ciliary  artcriea, 
which,  after  liaving  traversed  the  sclerotic,  divide  into,  i,  b,  posterior  cili- 
aries  for  the  choroid,  and  c,  c,  anterior  uiliaric^  for  tFic  iris. 

The  iris,  though  arising,  as  has  been  said,  from  the  choroid,  ia  con> 
strnctcd  in  a  different  way,  its  tissue  mainly  consisting  of  un- 
i  Striped  muscular  fibre,  except  in  the  case  of  birds,  which  present 
the  striped  variety.     It  is  extremely  vascular,  ita  arteries  bi'ing  derived 
from  Uie  ciliary.     The  color  of  the  eye  depends  on  the  coltjr  of  flic  front 
of  the  iris;  the  posterior  portion  is  covered  with  black  pigment. 

The  ciliary  muscle,  for  such  it  has  been  proved  to  be  by  Dr.  A\''allaci'.. 
of  New  York,  is  of  llic  unstripod  kind;  its  action  is  to  move  the  lens. 
In  birds  it  i.-*  of  the  striped  variety. 

The  retina  intervenea  between  the  vitreous  humor  and  the  choroid 
coat:  it  arises  from  the  lubulcs  of  the  optic  neiTo,  which  have  ^ 
cast  off  their  covering  investitures  on  tlicir  pnssagc  throngh  the 
sclerotic.  It  extends  forward  to  the  ciliary  body;  is  perfectly  tnins- 
psrcnt  during  life,  though  it  soon  becomes  aemi-transpiirent.  Its  struc- 
ture, a  knowledge  of  wliicli  is  of  the  utmost  importance  in  the  theory  of 
risioD,  will  be  presently  deacribed. 

Fit  m.  In  ^e  optical  axis  of  tlic  eye  there  is  upon  the  ret- 

ina a  spot  of  about  tho  twctiiieth  of  an  inch  iu  diam- 
eter, called  the  yellow  spot  of  Soemmering.  Its  posi- 
tion is  sliowTi  in  ft/f.  201.  The  entrance  of  the  optic 
nerve  is  at  the  blind  spot  which  is  marked  at  some  dis- 
tance on  one  side.  The  vitrcoua  humor  is  contained  in 
TdiDW  ipoi  or  B»MD-  a  delicate  mesh  of  tranirptirent  tissue,  which  'nic  vUtcodb 

•"«*»«■  causes  it,  when  removed,  to  present  the  aspect  '*"'"*"' 

of  a  jelly.  In  front  it  receives  the  crystalline  lens,  whicli  is  contained 
ill  a  dosed  capsule.  Hound  the  lens  there  ia  a  pafisagc,  known  as  the 
canal  of  Petit,  which  enables  the  ciliary  moacle  to  move  the  lens.     The 
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analysis  of  the  ritreona  htimor  shows  that  it  consists  of  water  contain- 
ing about  one  and  a  third  per  cent,  of  common  salt,  with  a  tmce  of  »\- 
butuen. 

The  ciystallinc  tens  is  a  double  convex  of  unequal  curvatures,  the  an- 
TlwoiTiuiiiiHt  texior  surtace  being  the  flattest,  the  shape  cbaoging  with  th« 
'■■*■  period  of  life,  as  also  docs  the  density  of  ila  parts,  its  cen- 

tral portions  lieing  always  the  uioxt  dense.  In  construction  tc  is  ex- 
iromely  complex,  being  made  uji  of  fibres  ranged  side  by  side,  and  au 
forming  succcjwivc  laminse.  The  fibres  are  ahout  the  jj^  port  of  an 
inch  tliick.  Tlio  refracting  power  of  the  lens  differs  at  the  centre  and 
oinninifcrence;  in  the  former  region  it  is  greater.  In  chemical  conipoei- 
tion,  the  Ivna  consists  of  about  tifly-eight  per  cent,  of  water,  and  thtrty- 
nx  pel  cent,  of  a  form  of  nibnmen  known  as  globulin. 

Tbo  aqueotis  bumor  lilts  U]>  tlic  t^pace  between  the  lens  and  the  cornea : 
Aamon  htamr  ''  '*  composed  of  water  containing  about  one  jwr  cent,  of 
common  salt. 


ImMM. 


Of  the  Optical  Action  of  the  Eye, 
It  ia  the  province  of  the  works  on  natnral  philosophy  to  explain  how," 

KciriMiiiin  of  *"''""  "y^  "'^  ''8*'*  ^^  "P^"  **•  convex  lena,  or  upon  combi- 
nations of  such  lenses,  an  image  of  tbo  object  will  form  at  tJiv 
proper  focal  distance.  Tor  the  purjioses  of  pliyniology,  it  is 
luffioinnt  to  receive  this  as  a  fact,  which  may  lie  easily  illnstrated  by  ob- 
aervinf^  tite  images  of  external  objects  depictei}  upon  a  sheet  of  white 
|iaprr  whrn  a  ronvex  lens  or  magnify ing-gtasa  is  held  at  a  particular 
diatanoo  buLwceii  iho  object  and  the  paper. 

In  making  such  an  experiment,  some  other  facts  which  eonccra  the 
Km.H..riU».  phyaiolngist  may  be  readily  demonstrated:  1st.  That  the 
i«i„...rii«oi..  fijcal  distance,  that  is,  the  distance  between  tlie  lens  and  the 
uwi»'J!f  tiw  paper,  is  variable :  it  is  greater  for  objects  that  are  near,  less 
!•"•  for  those  that  are  remote ;  2d.  That  lenses  of  different  curv- 

Hturiiii  being  compared  together,  the  flatter  ones  have  the  longest  focas 
Ibr  oltjocts  at  the  »ame  distance ;  3d.  That  lenses  of  the  same  focus,  but 
of  dlflnrnnt  diameters,  give  images  unequally  shaq),  an  indcfmiteness  be- 
lnf(  pen*ivrtl  in  the  image  given  by  the  lens  of  large  diameter.  This  ui- 
dialiiiotntws  is  duo  to  the  spherical  tigiire  of  the  lens,  and  would  not  hare 
iiiih«rh>il  ki)il  occDTTcd  had  the  surface  been  ground  to  another  conic  sec- 
ukn<in*tt«*ur-  tioM.  It  is  called  spliericol  aberration  ;  4th.  Unless  the 
'*"'■"'  lens  bo  of  very  long  focus,  or  its  aperture  or  diameter  be 

vary  aniall,  (ho  inlges  of  the  images  it  yields  will  be  tringed  with  rainbow 
oolora,  and  tlieraby  a  second  cause  of  indistinctness  arises.  It  is  called 
iiluoinBtk)  abamtion.  This  aberration  may  be  destroyed  by  properly 
routliliiiiig  to}^ther  lenses  made  of  different  retracting  media,  uid  with 
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■D&cee  of  suitable  corv&tuicB;  s  ootnbiiuUion  in  which  this  haslwcn  cf- 
farted  M  termed  art  aclironiatic  lens :  and  it',  at  the  Bamc  time,  by  proper 
■Dingetnenta,  the  spherical  aberration  has  been  destroyed,  the  lens  is 
leaned  apUnatic. 

Now  tlie  aqneous  humor,  an  bounded  by  the  comen  in  fiont  and  the 
ffj-Btalline  Krn«  behind,  (icta  as  a  convex,  and  thcreJ'ore  con-  c^nvrrEwm 
Krging  leiist  >i)d  to  this  efi*ect  the  crystalline  itself  adds  pow-  nedtaorihr 
sntUyt  the  two  conjointly  causing  the  images  of  e;cternal  ob-    ' 
jeetB  to  tarm  upon  the  black  pigitient.     Theae  images  ore,  of  course,  in- 
rerted. 

The  adjuRlnwnt  of  tlie  eye  for  perfect  vision  of  objecis  at  dllTerent  A\b-' 
lances  is  accomplished  by  the  action  of  the  ciliary  musrJe,  4jwt,„„,  ,_ 
Uu  leqnisitc  movement  being  to  draw  the  lens  farther  from  the  dliAr^  bh*. 
tl»c  black  pigment  when  the  object  is  near.  There  has  been  '^ "  *"  «*"«* 
much  controversy  im  to  the  manner  by  wluch  this  adjustment  for  dis-" 
Cance  is  effected,  but  it  is  generally  now  agreed  that  it  is  done  in  the 
nuuuier  just  mentioned.  There  has  also  been  a  difference  of  opinion  ait 
reapects  the  actual  Ecrccn  npon  which  the  liuages  fonn.  Souio  of  the 
cmriy  optica]  writers  regarded  the  black  pigment  as  hang  nie  Kccirtne 
UiAt  receiving  surface,  an  opinion  which  has  been  universal-  wtetui  in 
Ijr  abandoned^  the  function  liaving  been  of  late  attributed  to  nndngtUivm' 
^K  R&tina,  but,  as  it  appears  to  mc,  on  totally  insufficient  ""■ 
grounds.  The  ai^uients  against  the  retina,  both  optical  and  anat 
ical,  arc  pertcctly  uxuuiswerable.  During  life  it  is  a  transpareut  medium. 
Ka  incapable  of  receiving  an  image  as  a  sheet  of  uleatr  glass,  or  the  at- 
otoephfTic  air  itself;  and,  as  will  presently  be  found,  when  we  come 
describe  its  structure,  its  sensory  sur^e  is  its  exterior  one,  that  is,  the 
otie  nearest  to  the  choroid  coat.  Hut  the  black  pigment,  from  itn  perfect 
opacity,  not  only  completely  abiorbs  the  rays  of  light,  turning  them,  if 
■Uch  a  phrase  may  be  used,  into  heat,  no  matter  how  faint  they  may  be, 
biu  also  diseliarges  the  well-known  dnt}'  of  darkenhig  the  interior  of  the 
^y^  and  thcreforo-  preventing  indistinctness  tlirongli  the  straying  of  the 
*^ya  of  light.  Perfection  of  \ision  re<jiiiros  that  the  images  bIiouKI  form 
oq  a  matbematicnl  suiwrftcies,  and  not  in  tlie  midst  of  a  transparent  me- 
*Htim.      The  black  pigment  satisfies  that  condition,  the  retina  does  not. 

Spherical  aberration  is  com[>enHated  for  partly  by  the  iiiereasing  dcns- 
^ty  of  the  lens  toward  its  centre,  and  partly  by  the  ai:lion  c^,fj^*:^a  «« 
^^  tbe  iris,  which  stops  auclt  rays  of  light  as  arc  at  any  oon-  spiMiricalftiHi- 
^dcrable  distance  from  the  axis  of  the  eye,  acting  in  the 
<^uit  manner  aa  a  perforated  plate  or  diaphragm  in  ordinary  optical  tn- 
*tnuueut8. 

It  docs  not  appear  tliat  there  is  any  attempt  at  correcting  the  chromat- 
^  aberration  of  the  eye,  tliough  it  is  popularly  supposed  that  the  ooznea. 
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CbiMuUc  »b.  *^"^  aqtieons  humor,  the  lens,  and  tlic  vitrcons  humor  act  to- 
•RstioB  la  un.  gctlier  in  the  same  manner  at*  the  different  pieces  of  glass  in 
iiMitJUa.  jyi  achromatic  arrangement.  (Ipticnl  rwuwns,  Iiowever,  found- 
ed upon  the  coiiKtitution  and  refractive  |)owers  of  those  substances,  lead 
us  to  abandon  that  view,  and  in  a  theoretical  respect  to  regard  the  e^e 
as  imperfect  in  this  particular. 

AdjusUncDt  for  the  variable  intensity  of  light  ia  eflcctcd  by  the  dilata> 
,,,  ,     tioiis  and  contractions  of  the  iris,  the  pupillary  opening  of 

iiwrintriiHiy  whicli  varies  from  the  -^  to  the  ^  of  an  inch  in  rlianictcr. 
V  """"■  \Vc  are  thus  enabled  to  hring  to  the  same  degree  of  illumiu- 
ating  effect  upon  the  retina  lights  which  difi'cr  in  brilliancy  tn  tlie  pro- 
portion of  one  to  forty-Hvc  The  means  by  which  this  is  ocoompHslied 
will  be  more  particularly  described  when  we  speak  of  the  ncr^'ous  mech- 
aaism  of  tliu  eye. 

It  has  beeD  already  observed  that  the  actual  held  of  view  at  a  given 
moment  is  quite  limited.  We  are  liable  to  deceive  ourselves  on  this 
point  fmm  the  rapidity  with  which  the  eyeball  can  be  directed  to  differ- 
ent parts  iti  succession. 

In  what  has  been  said,  reference  is  made  to  a  jierfect  eye ;  but  inipcr- 
i-oiiKiiriii^iH.rt  fections  are  very  common.  Two  may  be  more  particularly 
i^tba'by"^  pointed  out— long-sightedness  and  short-sightedness.  In 
fpwitcicii.  the  former,  objects,  to  be  seen  distinctly,  must  be  placed 
larther  ofF  than  the  usual  distance ;  in  the  Utter  they  must  be  brought 
nearer.  Long-sightedness  arises  from  the  flatness  of  the  lens  or  cornea, 
so  that  the  focal  images  given  do  not  fall  truly  ou  the  black  pigment,  but 
wouUl  be,  at  a  certain  distance,  exterior  to  it;  hence  the  itidistinctness 
tliat  restdts.  Short-sigh tctlitess  is  due  to  an  excess  of  curvature  in  the 
oomea  or  lens,  the  rays  forming  tlieir  focn.1  images  before  the  black  pig- 
ment is  reached.  The  former  defect  may  be  removed  by  the  use  of  con- 
vex lenses  as  spectacles,  the  hitter  by  concave.  It  is  ofitcn  said  that 
short-sightedness  is  a  defect  of  early  life,  long-sightedness  of  old  age. 
However  this  may  be  in  another  respect,  it  is  not  so  optically.  Indeed. 
cases  sometimes  occur  in  which  one  eye  is  affected  with  the  former  and 
the  other  witii  tlie  latter  difficulty.  Very  frecjuently  the  two  eyes,  com- 
pared together,  will  be  found  differently  advanced  hi  tlieir  degree  of  im- 
perfection, and  hence  the  difficulty  of  obtaining  a  pair  of  8i>oclac]c8, 
though  (he  selection  is  attempted  to  be  made  out  of  a  large  a^sorlmcut. 
In  such  cases,  each  eye  should  be  accommodated  with  a  lens  lo  suit  it- 
aoir. 

Compared  with  the  organ  of  hearing,  the  eye  is  much  more  limited  in  its 
Limit  of  viiion  action ;  for,  while  the  ear  can  distinguish  sounds  which  vary 
in  on«  ociavB.  (hrough  many  octaves,  the  eye  can  only  perceive  vibrations 
Tvhich,  to  use  the  language  of  acoustics,  differ  by  a  single  octave  only. 
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To  one  octa\'e,  tiierufore,  its  nuige  is  limited.    The  oxtreme  red  ray,  which 

III  onitted  by  a  snbBtance  just  becoming  red  hot  at  a  temperature  of 

1096^^  Fahr.,  and  which  Is  tlie  least  refrangible  that  con  atF^ct  the  r.yc, 

is  caused  by  vibrations  tlint  ore  exactly  halt'  an  frequent  tm  the  extreme 

violet  ray  emitted  by  the  sun.      It  is  importnnt,  in  the  oxpUnatioiiB  WC 

are  giving,  lo  nndtvrMand  thut,  in  a  |terfect  solar  ajMsctrum,  t)ie  distribution 

aC  the  colored  spaces  is  totally  diHercnt  from  what  it  is  in  the  case  of  the 

pristnatic.      In  such  a  Bpi-ctrum,  as  produred  by  the  intcriV-Tcno!  of  raya 

passing  through  a  Htirfarr  of  gla«H  on  which  have  Imcn  ruled  with  a  point 

\<3tf  m  diamond  parallel  line»  the  ^-j^n-p  of  an  inch  apart,  the  yellow  occn* 

Ipicfl  iho  middle  region,  and  from  this  the  li^ht  grades  ofl^  terminating  at 

[cqtial  difltiuici'fl  with  the  extreme  red  on  one  side  and  the  cxtnane  violet 

|on  the  other.     The  circumstances  of  such  an  experiment  prore  that,  the 

'  wave  length  for  the  rp«l  light  l)ctng  compared  with  that  for  the  yellow, 

alau  fur  that  of  the  violet,  they  bear  to  one  another  tlic  extraordinary 

flintple  relation  of  1,  1  j,  2,  establishing  the  anserLion  just  mode, 

that  tbe  extreme  limit  of  pexccplion  of  tho  cyo  is  comprised  in  a  single 

octave. 

I  may  rtfer  to  the  experiments  published  by  myself  on  this  point,  and 
also  to  those  botli  onlccedentlv  and  subsequently  published  ,„ 
by  M.  MHIoni,  in  pronf  of  thi-  unreliabuitv  ot  the  method  of  cvtoml  nji  u 
examining  the  solar  Bpectrum  by  the  pri*in  in  the  maiuicr  I"  !I!^[*-Hf*'* 
introduced  by  Newton.      3loru  purticulurly  to  the  discussion  niinBUasiiom- 
ttow  before  us  docs  this  remark  apply ;    for  the  prism,  as  "' 
iKiav  be  gathered  from  what  has  just  been  said,  spreads  out  the  colors  of 
]  light  unduly,  and  gives  false  indications  respecting  the  distribution  of 
licmt.     Tltcm  ean  now  remain  no  doubt,  although  the  {irism  indicates  the 
jcotitrar*-,  that  the  yellow,  or  brightest  ray  of  light,  is  the  hottest,  and 
tliQt  the  wanning  power  of  the  others,  orange,  green,  &c.,  follows  in  the 
forOer  of  their  luminous  intensity.      When  we  have  tintshcd  a  descrip- 
tion of  tiie  nervous  mechftiiism  of  the  aye,  we  shall  find  tliat  tho  cxpla- 
'^tioQ  of  its  junction  turns  on  tho  admission  of  this  fact. 

TIic  eye  is  limited  in  another  respect ;   it  can  not  simultaneously  com- 

e*""  '  lights  which  difl'er  from  one  another  in  brilliancy  if  the  Limit  in  the 
should  be  upward  of  &4  limes  as  bright  as  the  other.  ™J'^J|j||[ii 
roon  luminous  ovcr[)Owers  or  extinguishes  the  fi>4>blcr.  otii^bxA. 
^^e  can  not  see  tlie  liglit  of  a  candle  if  wc  hold  it  up  against  the  snn.  I 
*«a»y  again  refer  to  the  experiments  I  have  published,  establishing  that 
^pot)  this  &ct  is  founded  the  most  exact  method  of  photometry  yet 
.*»*own. 

2d.   Of  the  yervous  Mechanism  of  the  ^ye. 
In  tbe  preceding  description  it  was  stated  that  the  retina,  commonly 
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described  as  an  expansion  of  the  optic  ncnrc,  intervcncB  between  the  vit*j 
leous  Immor  and  the  choroid  coat. 

Regarding  it  aa  eompospd  of  (Ustinot  layers,  ihp  innermost  of  which,  j 
Cotuuw.-UoD  in  contact  with  the  hy^oid  membrane,  is  called  the  tibrons 
titdJmcMf  S™y  I«ycr,  arijtca  from  the  tubnles  of  iho  optic  nerve,  which 
mcmbrara.  have  cast  off  the  white  substance  of  Schwann  ;  and  in  pass- 
ing, wc  may  dwell  empluttically  upon  the  point  that  at  that  spot,  where 
it  exists  alone,  that  is  to  say,  where  the  optic  nerve  is  entering  the  eye, 
vision  can  not  be  jwrforaicd.  Ucncalh,  or  ouli;i(le  thin  tibrous  layer, 
comes  the  gray  veaiculur  layer:  it  in  analogous  to  the  veaicidar  matter 
of  the  brain.  The  two  layers  thu3  far  described  are  sen-ed  with  capillary 
blood-vcaaels  of  extreme  minuteneaa.  Outside  of  the  gray  vesienlar  lay- 
er is  the  granular  layer,  which,  &»  ha  name  import!*,  conKistn  of  a  conge* 
ties  of  granules,  which  are  probably  tiie  origin  of  the  vpjjtcles,  new  ones 
tug  liom  this  layer  continually.  Yet  again^  outside  of  tlie  grunulsr 
nyer,  comes  a  delicate  sheet,  known  as  tht-  meuibrune  of  Jacob,  but  wliicli 
is  foi-med,  in  reality,  from  the  juxtaposition  uf  a  Hct  of  rod-^liaped  and 
conical  bodies,  the  thicker  ends  of  the  voda  being  outward,  the  thinner 
inward. 

J''iff.  203  shows  the  portuil  detachment  of 
the  membrane  of  Jacob  from  the  exterior  of  the 
relin.1.  The  menihrane  appears  as  delicate 
shrctls,  and  may  be  advantageously  demon- 
strated after  the  removal  of  the  choroid,  the 
ppi-cimen  being  placed  under  water. 

In  the  preceding  description  I  have  followed 
the  course  usually  taken  by  former  anatoiniats, 
who  describe  the  retina  as  eonKtsting  of  suc- 
cessive layers  or  strata,  but  much  more  philo- 
sophical views  arc  oblainud  by  considering  it  in 
the  manner  introduced  by  II.  l^liiller,  tliat  is  to  say,  in  its 
radial  section.  Krom  tliis  it  appears  that  ihc  four  suata 
above  micniioncd,  viz.,  1.  Jacob's  layer  of  rodii  and  nones  ;  2. 
The  granuUr  layer;  3.  The  vesienlar  layer;  4.  The  fibres  of  the  optic 
nerve,  are,  in  reality,  nil  connected  in  such  a  way  that,  passing  in  a  radial 
direction  as  respCL-ts  the  globe  of  the  eye,  all  these  dilferenl  elements  are 
successively  combined,  constituting  what  is  termed  the  ratliatcd  fibre 
system.  Thus  from  each  of  the  pro|>er  tibrcs  of  the  optic  nerve  nthread- 
RsdiatlbK  ^^^^  ^(^y  posses  radially  Ihroagh  the  thickness  of  the  rt*tina, 
■jraum.  including  in  its  ontward  passage  a  vesicle,  and  agjiin,  beyond 
that,  a  granule,  and,  still  tavther.  a  cone,  and  terminating  in  a  rod;  so 
that  from  the  extremity  of  the  rod  tlierc  is  a  conlimious  communication 
through  the  thickness  of  the  retina  to  the  fibres  of  the  optic  nerve;  tht 
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therefore  to  he  rr-gardM  an  the  tcjinination  of  tbe  optic  fibres. 
In  the  opinion  of^Iullcr  and  Kollikcr,  the  rods  and  cones  composing 
Jftcob's  caembnine  arc  the  true  percipients  of  light,  oommtinicAting  tticir 
condition  to  the  fibres  of  the  optic  nerve  by  means  of  tbe  connection 
irJiich  tbey  thus  maiuluin  with  it ;  or,  perhaps,  the  rods  and  cones  «re 
condnctors  of  the  luminous  impressions  to  the  nerve-celht  of  the  retina, 
irliicii  constitute  a  ganglion  capable  of  jierccivjng  light,  and  the  fibres  of 

■  the  optic  ncn'c  mcrdy  conimunicute  thoec  iui)>re«aioiis  to  the  ecnsoriuin. 
Whichever  of  these  deacriptioris  we  muy  follow,  the  physiological  fiict 
whtt^  I  dc»ire  to  present  with  empluisis  still  remains  the  same.  It  is, 
that  tlie  sentient  or  receiving  part  of  the  retina  is  the  posterior,  that 
wLicb  \a  in  contact  with  the  bl-ick  pigment. 
H  The  second  pair  of  neri-es,  from  which  the  retina  is  thus  derived,  axe, 
from  their  fouclion,  designated  the  optic  nerves.  They  do  tu  optic 
not  enter  the  sclerotic  in  its  optical  axis,  but  at  a  little  dis-  "^."•■'':  i^ 
lance  on  one  aide,  and  obliquely — a  provision  doubtless  in-  }tung«totbe 
tended,  in  a  measure,  to  avoid  the  occurrence  of  the  blind  '**'"■ 
--pot  on  thfl  centre  of  the  treld  of  vision,  and  to  place  it  iinsym metrically 
in  the  two  ejea,  so  that  each  eye  shall  compensate  the  defect  of  the  oth- 
er, Tbe  nerves  from  each  eye  converge  to  their  chiasm,  which  is  a  com- 
nassure  consisting  of  three  distinct  systems  of  tubules — an  anterior  set, 
which  are  comtnissuces  between  the  two  retina^  a  posterior  eet,  commia- 
wma  between  the  two  optic  thalami,  ond  an  interior  set,  the  proper  tu- 
bolee  of  tlie  optic  nene,  whicli  cross,  tliose  from  the  right  eye  going  to 
the  left  t<i<lc  of  the  bruin,  and  those  from  the  left  eye  going  to  the  right 
■ide  of  the  brain.  Tlie  chiasm  ia  therefore  to  be  regnrded  as  a  complex 
Atmcture,  its  posterior  region  being  independent  of  tbe  other  parts,  and 
cxwting  in  animals  in  which  the  optic  ner\'e  is  not  found,  aa.  for  exuD- 
tile,  in  the  niolu. 

i5esides  the  optic  nerve,  which  is  exclusively  the  nerve  of  vision,  the 
caoUateral  parts  of  the  eye  ai-e  suupUed  troiu  various  sources.  „  . 

fbe  thud  pair,  or  motores-oculoruin^  supply  tiio  sujKnor,  in-  ey^A^u  mai 
Cerior.  and  internal  recti  muscles,  the  inferior  obliqne.  and  the  "*"'^"'P*"»- 
lenuvr  palpebnu.  The  fourth  pair,  or  patheiici,  supply  the  superior  ob- 
iiqne  or  trochlear  muscles.  Of  the  fifth  pair,  supplies  are  derived  from 
the  frontal  branch,  hLchr>'mal,  the  ciliary,  and  the  infra-trocldear.  The 
aijcth  pair,  or  abducent,  pa»a  to  the  external  recti :  supplier  are  also  d»* 
rived  from  the  iiympathetic.  Of  these  nerves,  the  functions  are  very  vjk 
riouB ;  some  are  for  the  moveuietit  uf  the  ball,  or  for  general  sensibility 
of  I  be  Hurfuce,  or  for  the  niuvenienls  uf  the  eyeUds,  or  for  those  of  the  iri«, 
mad  some  for  the  lachrymul  appaialua.^ 
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Of  the  function  of  the  Ifervous  Mechanism  of  tJie  Eye. 

The  reaaona  have  already  been  g;%'cn  for  considering  that  it  is  the 
ThebW-k  pijj.  black  pigment  which  acts  as  the  receiving  or  optical  screen, 
iiiciit,aiid  noi  jind  not  the  retina.  If  no  other  argument  was  adduced  for 
ihB  rwcrtTing  departing  from  the  opinion  usually  expressed,  which  attril>> 
wnwn.  ^jgg  ^|jjg  function  to  the  retiua.  the  thickness  of  llmt  siruc- 

ture  would  l>u  siifhcJcnt :  images  can  ouly  fonii  with  precision  or  sharp- 
FiieBS  u[Km  an  abrupt  siirfnco.  And  since  it  is  now  indispntAblj  ascer- 
tained that  both  the  chemiciil  el^ect  and  the  heating  cftcct  of  the  raya  of 
light  depend  upon  their  absorption,  those  effects  being  in  direct  propor- 
tion to  the  CAUiplctcnosii  with  which  absorption  is  taking  place,  we  ore 
jastilied  in  intening  that,  since  the  eye  ia  sensible  to  rays  of  so  low  a 
degree  of  intensity,  and  to  each  of  tlio  colored  ones  equally,  its  screen  of 
i-eception  must  not  only  be  a  superficies,  hut  likewise  a  black  one.  Such 
a  surfncc  tlic  black  pigment  is.  in  Ihc  case  of  albinos,  and  animals  in 
wliirh  tlie  black  pigment  is  imperfectly  developed,  the  receiving  surface 
or  screen  is  still  ilie  interior  of  the  choroid.  Under  such  circumstaiii^s. 
Tision  must  be  indistinct. 

Recalling  what  has  lieen  said  respecting  the  diffuse  sensibility  of  the 
n*uinK  cflbot  lower  nitnibcrrt  of  the  animal  strries  to  light,  and  the  struc- 
ontht  pigment,  ture  of  occUi.  it  accocds  well  therewith  to  consider  that  the 
primary  effect  of  ttic  rays  of  light  upon  the  black  pigment  is  to  raise  its 
temperature,  and  tliis  to  a  itt'grec  wliicli  is  in  relation  to  their  intcii»ty 
and  intrinsic  color ;  light  which  is  of  a  yellow  tint  exerting,  as  has 
been  said,  the  most  energetic  action,  and  rays  ivhich  correspond  to  the 
extreme  red  and  the  extreme  violet  the  feeblest.  The  varied  images  of 
external  objects  which  .ire  thus  painted  upon  the  bUck  pigment  raise  its 
temperature  in  becoming  extinguished,  and  that  in  the  order  of  their  brill- 
iancy and  color;  the  pigment  thus  discharging  a  double  duty,  as  a  sui^ 
face  of  extreme  sensibility  for  calorific  impressions,  and  also  as  darken- 
ing the  interior  of  the  globe. 

In  this  local  disturbance  of  temperature,  in  my  opinion,  the  act  of 
MMinerofi*T-  ^''»'""  I'Onimcnces,  this  doctrine  being  in  perfect  harmony 
evpHiMi  bj-  Urn  with  the  analnmiail  structure  of  the  retina,  the  posterior 
surface  of  whiclk  is  its  sensory  surfnee,  and  not  the  anterior, 
as  it  ought  to  be  if  the  explanation  usually  given  of  the  nature  of  vision 
is  correct ;  and  therefore,  as  when  we  pass  the  tip  of  the  finger  over 
the  surfaces  of  hodies,  and  recognize  warm  and  cold  spaces  thereupon, 
the  same  occurs  with  infinitely  more  delicacy  in  the  eye  The  club- 
shaped  particles  of  Jacob's  membrane  are  truly  tactile  organs,  which 
communicate  lo  the  sensory  surface  of  the  retina  the  condition  of  tenf 
^perature  of  the  bUick  pigment. 
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Bat  this  commQnicAtioi)  of  a  variation  of  tuniperataro  implies  a  varia- 
tion  ill  the  vr&atti  and  repair  of  tlic  retina  itsulf,  fur  there  can  be  no  iloabt 
that  aU  such  changes  are  accelerated  by  an  increase  of  liejit,  and  dlmin- 
uifaed  by  its  decrease.  And  though  in  this  maimer  liie  origin  of  tlic  ac- 
tion which  h«9  been  set  np  is  calorilic,  and  therefore  physica!,  it  imme- 
diately becomes  converted  inio  a  physiological  equivalent  in  the  meta- 
morphosis and  destruction  of  a  nervous  tissue. 

The  eye  can  not  perceive  rays  which  come  from  a  luminous  source 
the  temperature  of  which  is  lower  than  KXIU"^  F.,  for  sneh  rays  eau  not 
P&Bs  through  a  stratum  of  water  or  through  the  humors  of  the  eye. 
?{'atuml  pIuloRopher->,  in  making  a  distinction  bi'twocn  light  and  hefttt 
liATc  too  often  ovcrl'Xikcd  the  fact  that,  though  thermometers  are  scnai- 
ti-ve  10  rays  of  every  sort,  tlie  eye  is  not.  Its  indications  ore  complicated 
by  the  necessary  introduction  of  absorbent  media,  which  stop  all  rays 
I       ibo  refrangibility  of  wliich  is  low. 

^b  Hmny  years  ago,  Count  Rumford,  Irom  a  limited  examination  of  cases, 
^f  concluded  that  all  photographic  effects  are  the  cfTccts  of  Piiow^npiita 
W  «  liigh  tempcralurc.  From  an  examination,  continued  for  ^'Ti'^f^utb 
many  years,  of  numerous  plienomcna  of  the  same  class,  which  t«inpcT4i«re. 
Itavo  since  been  described,  I  have  come  to  the  same  conclusion.  Tlie 
impinging  of  a  ray  of  light  on  a  point  raises  the  temj)crature  of  that 
point  to  the  same  degree  as  th^t  possessed  by  the  source  from  which  the 
rny  comes,  but  an  immediate  descent  takes  place  through  conduction  to 
tbc  neighboring  particles.  This  conducted  heat,  by  reason  of  its  iiidel- 
initely  lower  intensity,  ceases  to  iiave  any  chemical  effect,  and  hence 

Ipbolographic  images  arc  perfectly  sharp  on  their  edges.  It  may  W  dem- 
ooctrated  tliat  the  same  thing  Ukes  place  in  vision,  and  in  this  respect 
it  might  almost  be  said  that  vision  is  a  photographic  eflecl,  the  receiving 
Biiifscc  being  a  mathematical  superficies,  acting  under  the  preceding  con- 
dition. All  objects  will  therefore  be  delinite,  and  sharply  defined  upon 
't»  nor  can  there  be  any  thing  like  a  lateral  spreading.  If  »-i8ion  took 
place  in  tlie  retina  ad  a  receiving  me<lium,  all  objects  would  be  nebulous 
•>n  the  edges.  This  sJiarpness  and  grading  off  are  happily  illustrated  by 
to«  metal  daguerreotype  and  paper  photograph  res()ectively. 

Perhaps  it  might  be  thought  that  the  sharpness  of  impressions  npon 
•Collodion  or  albumen  stands  in  opposition  to  what  is  here  Aii«.rT>ii<mnw»- 
•*id  respecting  the  inclticiency  of  translucent  media.  Those  l^^hJ  ^*^ 
*^bcitances,  however,  would  be  totally  inert  unless  there  had  Hon. 

»*^<s«n  purposely  mingled  with  them  some  compound  of  easy  docompoai- 
'**ilily,  capable  of  absorbing  the  bloc  rays,  which  are  in  these  cases  the 
*^ecUve  photographic  ones.     Such  a  compound  must  commonly  be  of  a 
^^Uow  eolor.     In  these  substances  the  ahsorjilion  takew  place  with  en- 
tlw  moment  the  light  has  entered  Their  surface.     lu  the  Philosopb- 
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ical  Magazine,  Scpteoilxsr,  1840, 1  have  given  proofji  tliat  tbd  esMidtiaK. 
coudilion  of  tlic  dtomical  activity  of  a  my  of  light  is  its  being  thiu  a1 
sorbod.  As  an  illustration  may  lie  given  the  well-known  re^t,  Uut  i 
chlorine  and  hydrogen  be  exposed  to  tlie  aim,  tbey  unite  witli  a  violeni 
cxfilodion,  but,  under  the  ftanie  circumstances,  oxygrn  and  hydrogen  wilE^^ 
utterly  refuse  to  unite,  no  matter  lion-  long  the  period  of  ex|M>sure  inaj^^-y 
be,  nor  what  the  brilliancy  of  the  light;  and  the  difierenoe  in  the  (wc^»-— ni 
.  cues  U  merely  this,  thut  the  ditoriiie.  being  of  a  yellowish  color,  can  ab— »— r» 
Borb  the  violet  light,  and  therefore  be  infiueuced  by  it ;  but  the  osygeu^Krst. 
being  uncolored,  can  not.  ¥qx  photographic  cflfecta,  as  well  as  calorifiic^^e, 
the  essential  condition  is  alMorption.  A  medium  like  the  rcMina,  wliicEL^^ 
is  vcithout  absorbing  action,  permila  rays  to  pass  through  il  without  an^^^ir 
kind  of  effect,  but  a  eurfaoe  like  the  blaek  pigment,  vbich  receivea  Thi  r  ^  m 
all  eijually,  whatever  llteir  color  may  be,  and  absorbs  them  all  i  niiidljw  t^. 
ia  equally  aft'ectcd  by  tlicni  all. 

The  impression  arising  trom  the  disturbed  condition  of  the  retini^^Bal 
Poprtiun artb»  vooiclea  is  carried  by  tiiu  optic  tubules  to  Uiu  cluaam  of  tl—" — w 
iw»  rhiH"  Uj'-  t^^ro  nerves.  Apart  from  the  eeneral  facta  elsewliere  pi^^mb- 
tianiiUiecbiK  Bcnted  by  physiology,  the  existence  of  a  bund  spot  tu  ti»  .le 
"*'■*•  entrance  of  the  optic  ncr\"e,  whore  there  is  a  nec«Mar)*  ab^^>- 

seni-c  of  vesicular  struc:tun\  is  a  clear  proof  of  iJie  inscnsibilitr  of 
tubular  structure  to  the  influence  of  light.     Considering,  therefore,  th 
retina  as  typically  composed  of  three  layers,  one  of  tubules,  cue  of  ve., 
clcs,  and  one  of  granulea,  and  these  in  health  being  perfectly  transpareo 
the  luminous  beams  poas  through  them  juitt  as  they  do  tluxiugh  the  v 
mo«phen>,  without  exerting  the  slightest  effect;  and  as.  when  thoM  ra; 
strike  the  opaque  surface  of  the  earth,  or  arc  a1)Sorlied  by  the  sea,  lioit  ^     ^ 
disengaged  and  efleets  ensue,  so  likewise,  when  they  hare  reached  tt^  -^ 
black  pigment,  the  changes  1  have  been  designating  arise.     The  vesiet:^^'*" 
lar  layer  nndei^es  rapid  metamorphosis,  the  effect  of  that  change  K^     ^ 
tiBDBmitted  by  the  tubular  layer,  and  in  the  granular  the  genns  are  ooc^'^ 
Btantly  arising  from  which  the  waste  of  the  middle  layer  is  repaired.    St-*^  "*' 
therefore,  the  tubular  bycr  is  for  conduction,  the  vesicular  layer  for  wasU.^  -*• 
the  granular  layer  for  repair ;  and  now  appears  the  Hignitiuaiicc  of  th^^^^^ 
I  coDstructiou  and  proximity  of  tlie  cliuroid  coat  for  tin  waste  of  ths 
diruiar  layer  can  not  occur  SAve  midor  the  oxidizing  influence  of  the 
lerial  blood,  nor  can  the  nutrition  of  the  granular  layer  be  accomplial: 
except  under  the  same  condition.     Moreover,  the  reuniting  products  ff^f^ 
waste  rw|uin:  to  V  quirkly  removed,  and  it  is  not  |>os»ible  to  conccil  a^"^- 
the  construction  of  an  arrangement  better  adapted  for  this  triple  objec^^=** 
than  that  which  the  choroid  presents.     On  the  old  view  of  the  uatuie  0^:='^ 
vision,  the  coustructiuu  of  the  choroid  seeuis  to  be  without  aignificanoB*^!-^"*' 

The  analogy  between  the  mechanism  of  the  retina  and  that  of  tlc^^^s^ 
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skin,  so  iJu*  as  frsste  and  restoration  are  concemed,  can  not  fail  to  be 
noticed. 

The  cflttct  wliich  haa  tliua  Imscu  comniimicatcd  to  the  vesicular  layer 
of  the  retina,  through  tho  uiter\'oiiticni  of  Jacob's  rods  and  .  ^^ 

cones,  is  now  carried  along  the  nervous  tubulua  out  of  tlic  ofthBri^tand 
globe  of  the  eye.  The  nerves  from  each  eye,  converging,  *'  ^■*"' 
(mcounter  one  another  at  ihc  cbi&sni,  the  triple  structure  of  which  has 
already  been  dcdcribed.  Hero  it  ia,  however,  to  be  understood  that, 
while  the  proper  optic  tubules  of  tlie  riglit  eye  go  to  the  left  brain,  and 
of  the  left  oyu  to  the  right  brain,  the  anterior  band  of  commissural  tu- 
bules brings  the  two  eyva  into  a  special  relation  with  one  another,  the 
right  side  of  one  eye  corresponding  wltlt  the  right  ot'tiie  other,  and  Uic 
lefl  with  tlic  left ;  or.  to  put  the  same  statement  under  a  more  simple  yet 
more  instructive  form,  the  outer  side  of  one  eye  corresponds  with  the  in- 
ner of  the  otlier,  and  in  this  niainii^r  the  two  retina!  become  as  if  they 
were  virtnally  incased  the  one  within  the  shell  of  tlie  other,  an  arrange- 
ment which  obviously,  as  has  been  alnuwly  rcniarkod,  com {icn sates  in  a 
degree  for  the  blind  spot  of  each  eye,  and,  indeed,  climinHtes  the  effect  of 
all  accidental  irregularities!,  for  numberless  such  irrcgnlnrilics  must  cxiot, 
there  being  a  necessity,  for  example,  that  blood-vessels  should  cross 
through  the  sensitive  to  the  conducting  structures,  and  such  blood-ve»- 
scIh  ^vc  rise  to  lines  of  inertm»s. 

From  this  coiiiniisKuriil  arrangement  it  conies  to  pass  that  euh  retina 
possesses  regions  of  symmetry  with  the  otlier,  and  on  this  gincu  Md 
Bingleneas  of  vision  depends;  each  point  of  the  outer  portion  do"'''*  n<ion- 
of  the  retina  of  the  right  eye  bos  its  point  of  symmetry  in  an  inm-r  portion 
of  tiic  left,  and  when  from  a  distant  object  rays  fall  on  these  symmetrical 
points,  that  object  will  be  seen  single;  but  it  by  the  pressure  of  the  fin- 
ger or  otherwise,  we  compel  the  image  to  fall  in  one  of  the  eves  upon 
another,  and,  therefore,  non-symmetrical  point,  the  object  at  once  becomes 
double.  It  should  be  remarked  that  this  exchange  of  symmetry  concerns 
only  the  lateral  divisions,  for  the  upper  portion  of  one  eye  corresponds 
with  the  upper  portion  of  the  other,  and  the  lower  with  the  lower. 

If  the  view  which  I  have  presented  respecting  the  scalar  of  the  laby- 
rinth of  the  car  be  correii,  tliat  singular  structure  finds  its  Anj^_,  h- 
equi%'alcnt  in  the  hlack  pigment  of  the  eye;  for  though  we  nm-nthoMsaic 
only  know  in  an  indistinct  manner  the  physical  condition  of  "  p'K™«>'- 
black  opacity,  we  may  be  certain  that  it  arises  from  total  interference  of 
rays,  and  such,  it  is  presumed,  is  the  office  of  the  scalw  of  the  ear. 

Impressions  made  upon  the  retina  do  not  disappear  mstantly,  but  grad- 
ually tade  away,  and  in  so  doing  occupy  a  certain  period  of  r>„„rti«,„rf 
time,  wliich  varies  with  the  brightuusa  of  the  original  light,  tlie  iwpniwdMn 
existing  condition  of  the  eye,  and  the  illuminatiou  to  which  tt   *^      '^'' 
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is  cspos<^  This  duration  of  impressions  is  commonly  estimated  at 
about  oiii!  third  of  a  second.  It  is  a  plienomenon  analogous  to  that  of  tho 
continuaiioc  of  noiind  in  the  car,  and  subserves  an  important  pur|)08e  of 
keeping  viition  coiMiiiiious  and  distinct  durijig  the  winking  of  the  eyelids. 
Commonly  it  is  illustrated  bv  referring  to  the  familiar  experiment  of  a 
Htick  lighted  at  one  end  and  twirled  rapidly  round,  which  gives  rise  to 
the  appearance  of  a  conttnnona  fiery  circle.  Many  ingenious  and  iiiterest- 
rog  toy»,  such  as  the  thaumatrope  or  wondcr-tnnier,  act  on  this  principle. 

Wlien  tlic  eye,  particularly  after  a  period  of  repose,  as  when  wc  first 
OcoUr  't^cotn  wake  in  the  morning,  is  turned  to  the  window  or  some  bright 
ibIwout'coI-  ''K***'  ^"^  '''^''  closed,  a  spectra!  impreaaion  is  for  a  long 
«n.  time  presented  to  llic  mind.      If,  instead  of  closing  ihc  eyea 

after  looking  at  a  bright  light,  thfy  arc  directed  to  some  white  surihcc,  a 
dark  spectral  appearance  of  the  luminous  ohjcct  is  seen.  The  explana- 
tion of  this  is  evidently  that  those  parts  of  the  retina  which  have  just 
lindcrgone  change  arc  less  fit  to  bo  acted  upon  by  the  more  moderate 
light  to  which  they  are  now  exposed  titan  those  which  have  hilherto  been 
tinaJTectcd.  Under  simitar  circuni8tance<i  arise  what  arc  termed  comple- 
mentary colors.  Thus,  if  we  intently  regard  a  red  wafer  on  which  llic 
fiuti-rays  are  brightly  shining,  and  then  lum  our  eyes  away  to  a  feebly 
iUumiiiated  white  wall,  a  green  B[>ectrc  of  the  wafer  will  be  seen  ;  and  so 
of  other  colors.  The  complementary  tint  is  that  color  whicli,  added  to 
the  original  one,  forms  white  light  The  explanation  of  these  colored 
spectra  depends  upon  the  principle  just  mentioned. 

There  ha^-e  been  few  optical  problems  more  warmly  contealed  than 
WW.  I.I.I  *^'®'  of  erect  vision.  The  image  at  the  bottom  of  the  eye  is 
inverted,  but  we  see  the  object  upright.  Some  have  supposed 
that  we  really  see  things  upside  down,  but  Imve  learned  to  correct  the 
error  by  tho  sense  of  touch.  Doubtless  the  true  explanation  is  to  be 
found  in  the  anatomical  construction  of  the  eye.  It  should  be  borne  in 
mind  tiiat  there  is  a  very  wide  difference  between  tiio  Image  formed  at 
the  bottom  of  an  eve  as  we  look  at  it,  and,  if  snch  an  expression  may  be 
used,  as  the  eye  itself  looks  at  it.  We  sec  it  from  behind,  the  retina 
sees  it  firom  the  front.  Or,  to  put  the  statement  perhaps  more  clearly, 
it  is  one  thing  to  look  at  the  images  on  the  ground  glass  of  a  camera  ob- 
acura  from  behind  the  instrument,  and  another  to  see  them,  as  it  were, 
from  the  interior  uf  the  box.  The  two  positions  are  upon  the  opposite 
sides  of  a  vertical  axis,  round  which  we  may  consider  that  we  have  turn- 
ed, anil  hence  the  lateral  inversion  is  corrected.  That  portion  of  the  im- 
age whii'h.  seen  from  behind,  was  on  the  right  of  the  8}>ectator,  is  on  his 
left  if  seen  in  fVont.  A  similar  event  must  ensue  in  the  case  of  the  ret- 
ina. As  wo  have  fivv-u,  it  is  its  posterior  face,  looking  at  the  black  pig- 
ment, which  is  its  sensitive  surface.     It  sees,  as  it  were,  looking  back- 
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wanl.  but  not  fnru'jin],  and  Jience  there  arises  a  correction  for  t-,__i  |-„- 
the  lateral  inversion.  This,  of  course,  implies  the  existence  «)«»  oc>rt««ud 
of  HOine  Btructural  arrangement  wliicli  sKall  cithcj  correspond-  '  "  "*^'' 
inglr  correct  the  vertical  inversion,  or  bring  back  the  lateral  to  its  orig- 
inal erroneous  state,  and  thereby  establish  a  harmony  of  position  in  the 
two  din-ctions ;  and  it*,  in  the  retina  itself,  the  means  exist  for  the  cor- 
rection of  inTersion.  vertical  a»  well  as  lateral,  by  cliaugtng  cfie  direction 
of  tlip  conducting  tubules,  it  necessarily  must  be  that  that  place  of  cor- 
rection tH  where  the  retina  is  intenected  by  the  optical  axis  of  the  eye. 
I  think  it  is  to  be  greatly  regretted  that  wo  arc  not  bet-  SnggMiioa  »■ 
tcr  acquainted  with  the  constmction  of  the  yellow  spot  of  !^o„?Jo,"o/ 
Soemmering,  which  occurs  at  this  very  point.  The  ridge-  Soemmering, 
like  form  it  presents,  the  thin,  uncolorcd  spot  in  its  centie,  its  more  dcf^ 
initc  occurrence  in  those  aninuds,  as  man,  the  qnadrumana,  and  some 
Muiiana,  the  axes  of  whose  eyes  are  uearly  parallel  to  one  another,  seem 
to  indicate,  iu  a  ver}*  isigiiiiicaiit  maimer,  that  at  this  place  the  correction 
in  quealion  is  made.  There  are  many  ways  in  wbidi  wu  may  conceive 
tilts  to  bo  done  by  varying  the  direction  of  the  nervous  tubules.  As  an 
Illustration,  it  may  he  remarked  that  it,  through  a  small  hole  made  iu  a 
sheet  of  paper,  a  number  of  threads,  tlic  end  of  each  of  which  is  fasten- 
ed to  the  back  of  the  sheets  be  caused  to  pass,  under  the  condition  that 
they  do  not  cross  one  another  in  the  hole,  but  leave  its  ajierture  open, 
their  direction  iu  space  as  they  retire  from  the  hole  will  be  inverted  as 
resj>ect3  the  direction  iu  which  they  approached  to  it.  The  analogy  be- 
tween such  an  aperture  and  the  foramen  of  Soemmering  is  too  striking  to 
be  overlooked. 

The  stereoscope,  invented  by  Professor  Whcatstone^  shows  to  witat  an 
extent  our  ideas  of  tlie  solidity  of  objects  depend  on  the  dif- 
ferences of  the  images  in  each  eye.  By  reason  of  their  dit- 
fijTCncc  of  jjosition,  each  of  the  two  eyes  will  have  a  different  picture  upon 
its  black  pigment  of  any  solid  object,  and  the  mind,  combining  these,  dis- 
similar pictures  into  one,  gathers  therefrom  the  idea  of  solidity.  If  thu? 
we  offer  to  the  eyes  two  pictures  of  a  given  object,  presenting  the  same 
form  as  thai  object  would  have  done  when  seen  from  each  eye  rcspect- 
trdy,  the  mind  combines  these  Hat  pictures  together,  and  can  not  divest 
Itself  of  the  idea  of  a  solid  body.  TJiis  is  the  principle  of  the  stereo- 
Boope.  It  is  sliowii  by  lliis  instrument  iliat,  when  two  sacli  pictures  of 
different  sizes  arc  nsed,  the  mind  combines  them  into  one  of  tntcrmedtalp 
magnitude.  Proliably  this  effect  is  involved  in  the  circumstance  thai, 
when  we  look  at  an  object  unequally  distant  from  the  two  eyes,  we  still 
see  it  single-  When  two  images  of  different  colors  arc  employed,  the 
mind  can  not  combine  them,  bat  sees  first  the  one  and  then  the  other, 
the  brightest  one  coutiuuitig  the  longest. 
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The  eye  is  adjusted  to  the  vnrying  intensitieB  of  light  by  the  tnotioni^ 
Adioitraent  to  ^^^^'^  •"**»  which  adiiiitB  more  or  t'ewer  rays  according  to  it* 
TatUtions  of     state  of  contTftctioit,  an  action  which,  on  certain  occAsiona,  is 

g  luM*.  aided  by  tlic  orbicnlam  palpebrarum,  whidi,  by  bringing 
the  eyelids  together,  Hmifs  the  nnniber  of  rays  passing  to  the  pupil.  In 
man,  the  mtiscular  tihrca  of  the  iris  arc  of  the  unstriped  fonn ;  in  birds 
they  are  sttiped.  Our  perceptions  of  the  intensities  of  light,  as  gather- 
ed from  the  state  of  the  iris,  can  never  be  so  distinct  as  the  iiidicationt) 
for  sound  yielded  by  the  tensor  tyrapani  and  stapedius  muKcles.  In 
birds,  however,  it  is  probably  diOercnt.  Wc  gather,  to  a  great  extent, 
our  notion  of  the  brilliancy  of  liglit  from  the  rapidity  of  stmctural  change 
taking  place  in  the  retina  itiielf. 

Although  many  imngca  may  be  simultaneously  existing  upon  the  ret- 
Conwfiuation  ^"*'  the  mind  posscsscfl  tlicpowcrofsinglingany  oneof  them 
of  tttiMition  on  out  and  fastening  attention  upon  it,  just  as  among  a  number 
oDo  niB««.  ^f  musical  instruments  simultaneously  played,  one,  and  tiiat 
perhaps  the  feeblest,  may  be  selected,  and  its  notes  exclusively  followed. 
These  phenomena,  however,  are  not  depenUi;nt  upon  any  peculiarity  of 
conBtruction  of  any  of  the  organs  of  sense;  and  as  the  mind  can  perceive 
the  images  of  external  things,  so  can  it  give  rise  to  spectral  illusions 
which  may  simulate  perfectly  the  aspect  of  estemol  forms.  The  anec- 
dotes of  such  occurrences  which  arc  to  he  found  among  all  people  are  not 
the  fabrications  commonly  supposed.  The  mind  can  be  readily  deceived, 
even  in  spite  of  itself,  as  the  phenomena  of  the  stereoscope  prove :  and 
spectres,  hiiving  their  origin  in  natural  or  diseased  conditions  of  the  brain, 
may  accurately  replace  images  that  have  been  painted  in  the  eye.  It  is 
S  Wp  ti  im  ^^^^  however,  that  wc  may  readily  distinguish,  by  means  ol' 
■«««,  and  tcBi  a  simple  optical  test,  a  true  external  apparition,  if  any  ex- 
'  ^  '™'  ists,  from  a  phantom  of  diseased  imagination ;  for  by  press- 

ing duly  with  the  finger  on  the  ball  of  one  of  the  eyes,  external  objects 
are  at  once  doubled,  but  it  is  not  so  with  a  mental  illusiuii ;  and  we  may 
therefore  suitpect  that,  even  in  the  beiiit  autlienticated  eases  of  the  ap- 
pearances of  thccc  unnatural  forms,  hud  this  tost  been  applied,  their  true 
character  would  liave  liocn  ascertained;  and  tltat,  since  none  of  them 
would  have  undergone  duptieation,  they  would  at  once  have  been  detect- 
ed as  mere  hallucinations  of  the  mind. 

The  explanation  of  the  function  of  vision  which  I  have  given  on  tLe 
preceding  pages  might  bo  termed  the  calorific  hj-pothesis,  since  it  rests 
i»aentially  on  the  fact  that  the  temperature  of  the  receiving  screen  of  the 
eye  is  misled  by  the  impinging  of  light  upon  it.  The  result  thus  far  is  of 
a  purely  physical  nature,  but  it  becomes  phyuologicai  when  we  farther 
admit  that  changes  of  constitution  ensue  in  the  vesicular  stnicturc  of  the 
retina.     These  changes  are  rendered  more  r.ipid  oa  tltu  temperature  is 
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higher.  Tt  remains  now  to  add  th«t  tliis  is  only  one  manner  of  looking 
Rt  the  thing.  AcrorHing  as  our  hypothesis  of  the  nature  of  light,  of  its 
relations  to  heat,  and  of  tt»  manner  of  «$tabU»hing  chemical  changes  may 
be,  the  special  explanations  we  give  of  the  lunctions  of  the  eye  will  differ : 
yet  there  is  such  a  nilationship  among  these  h^ijotheses  that  TnmlBtioB  or 
we  can,  without  any  difficulty,  convert  an  explanation  diirivocl  **•  ••'oriii* 
from  one  into  an  cxpUuation  derived  from  anotlier.  It  ro-  other  fpnm  of 
ally  comes  to  Httlc  nion;  than  a  translation  of  phmseologj'.  *«P'*«''in- 
1  have  found  the  calorific  hypothesis  convcniojit,  because  wc  arc  Iwl  to  it 
by  the  comparative  anatomy  of  the  eye  in  starting  from  tlic  ocelli  of  lite 
lower  forms ;  yet,  with  almost  etjual  convenience,  the  function  might  have 
been  treated  otherwise,  viewing  light  as  arismg  from  ethereal  undulalions, 
the  additional  advantage  then  being  obtained  of  estublitiUiiig  a  parallel- 
ism between  the  action  of  tlie  oi^an  of  sight  and  that  of  hearing.  Or, 
in  like  manner,  the  case  might  have  been  viewed  m  its  purely  cliemicAl 
aspect,  phott^raphically,  as  it  might  be  aaid,  tlie  destruction  of  the  vesio- 
ular  slructurc  of  the  retina  through  the  agency  of  artexial  oxygen  being 
taken  as  the  primary*  physical  act.  But  ihia,  again,  amounta  only  to  n 
different  mode  of  Blating  the  same  effect,  since,  as  I  have  shown  (Ixindon 
and  Edinburgli  Philosophical  ^lagazinc,  May,  1851 ),  all  chemical  changes 
accomplished  in  material  substances  arc  occasioned  hy  the  establishment 
of  nbratory  motions  therein,  and  Ampere  has  already  demonatrated  that 
all  the  phenomena  of  heat  may  be  expUine<l  upon  the  doctrine  of  tlie  vi- 
brations of  the  constituent  molecules  of  bodies. 

Divesting  ourselves,  thercfufc,  of  any  farther  concern  in  making  a  se- 
lection among  the  various  liyiKillieses,  we  have  adopted  the  view  that  tlie 
change  of  tlie  retina  originates  in  a  calorific  disturhanoe,  because  it  ap- 
pears to  be  somewhat  more  convenient  for  our  use. 

It  IB  to  be  understood  that  tlie  sensation  of  light  is,  however,  purely 
mental,  and  whatever  can  disturb  thft  nutrittnn  or  waste  of  _  , 

the  retina  will  give  rise  to  luminous  impressions.    The  press-  ofiight  pn»i/ 
are  of  the  finger  on  the  ball  of  the  eye,  a  blow,  the  paasage  """""• 
of  an  electric  cuiTcnt,  and  divem  other  causes,  will  at  once  produce  the 
appearance  of  light,  and  even  of  colors.     Heat  is  only  one  out  of  a  mol- 
titude  of  agents  that  can  disturb  the  retina. 

Sd,  OJ  th&  A  axssory  Aj?paraius  of  the  Eye, 

The  accesBory  apparatus  of  the  eye  consists  chiefly  of  the  eyebrows, 
the  eychds.  the  lleibomian  glands,  the  lachrymal  mechanism,  and  the 
muscles  for  the  movement  of  the  ball. 

The  eyebrows  arc  two  arches  of  integument,  covered  with  hair,  on  the 
npper  ec^  of  the  orbit.  They  are  usually  classed  with  the  th«  cyrtaw. 
appendages  of  the  eye  upon  the  supposition  that  they  protect  "*•  cyeiidt 
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that  organ  from  irnduc  intensity  of  Uj^Iit.  or  preserve  it  from  the  ingrcM 
of  drops  of  sweat.  They  aid  greatly  in  ilip  expression  of  mental  emo- 
tions, but  perliapf!  nhould  ratlier  bo  looked  upon  as  among  the  remaining 
vestiges  of  ibe  hairy  tegument  which  affords  a  protection  to  the  cntiro 
skin  of  other  nmnmials  below  man  in  the  animal  serie*.  The  cyelidn 
may  be  described  a»  a  pair  of  vdlves,  the  upper  one  liaving  a  mudi  great- 
er latitude  of  motion  than  tlie  lovfcr.  Their  use  ia  to  afTord  protection 
to  the  eye  by  dosing  entirely  over  it,  more  particularly  during  sleep;  to 
keep  its  optical  surface  moist  and  iVee  from  dust  by  their  winking  mo- 
tioiii.  They  are  brought  into  action  by  the  contact  of  air  or  of  irritating 
particles,  through  the  fibrtw  of  lhe  Hfth  and  faeial  nerves,  or  by  the  agency 
of  light  upon  the  retina.  The  edges  of  the  lids  are  furnished  with  rows 
of  curved  hairs,  the  eyelashes,  which  add  greatly  to  the  protection  of  the 
delicate  organ  bcnc-ath,  while  permitting  vision  to  take  place  to  a  certain 
extent.  Opening  upon  the  edges  of  the  eyelids  are  tJie  foramina  of  the 
Meibomian  glnnd»,  in  the  upper  lid  there  being  about  thirty,  in  tlie  low- 
er Komewhal  fewer.  The  glands  thenisetves  are  imbedded  on  the  in- 
ternal surface  of  the  cartilage  of  the  lidH,  and  afl'urd  an  oily  secretion, 
which  discliarges  the  double  duty  of  pro'cnting  adhesion  of  the  lids,  and, 
by  its  relation  of  ca]>illary  attmction.  hindering  the  over6ow  of  the  water 
which  moistens  the  eye  njion  the  elieck. 

Of  the  lachrymal  apparatus,  it  may  be  said  that  in  the  name  manner 
Tho  lathrj-niJ  that  wc  breathe  iipnn  n  spectacle  glasa  and  wipe  it  that  its 
appaniiiui.  surface  may  be  pcrfcclly  clean,  so  it  is  iiecessar)'  for  the  op- 
tical action  of  the  cornea  that  its  surface  should  be  constantly  washed, 
and  even  more  so,  for  its  lamellated  structure  is  such  that,  if  it  be  not 
kept  constantly  damp,  it  loses  much  of  its  transparency.  This  therefore 
renders  it  necessary  that  there  should  be  a  mechanism  fur  the  supply  of 
water,  another  for  spreading  that  water  uniformly  over  tlie  surface  of  tlic 
corneiu  and  a  waste-pipe  for  carrying  any  surplus  away.  Tho  lachrj'mai 
gland  discharges  the  first  of  (iie»o  duties.  It  is  situated  in  the  upper 
and  outer  angle  of  the  orbit ;  its  secretion,  which  is  a  bitter  and  sorae- 
what  saline  water,  is  brought  to  the  surface  of  the  conjunctiva  by  eight  or 
ten  little  ducts  arranged  in  a  row  for  the  purpose  of  cqiwlizing  their  dis- 
charge. The  spreading  of  this  fluid  over  the  eye,  and  the  simultaneous 
wiping  of  the  surface,  is  accomplished  by  the  eyelids.  Usually  tlie  wa- 
ter that  has  been  employed  is  dissipated  by  evaporation  into  the  air;  but 
it,  by  reason  of  meteorological  circumstances,  such  as  the  dampness  ot 
the  atmosphere,  or  by  the  supply  being  too  abundant,  there  should  arise 
an  cxeeaa,  it  is  carried  otTtlirough  two  minute  oriiiccs  which  are  njion  the 
edge  of  the  eyelids,  the  puncta  lacliry  maiia.  Tliese  draw  oft"  any  collection 
of  water  that  may  have  accumulated  in  the  lachrymal  lake,  and,  carrying 
it  into  the  laclirymal  sac,  discharge  it  through  the  nasal  duct  into  the 
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cavity  of  t!ie  nose.  From  this  it  is  removed  by  evaporation,  tho  current 
of  air  alternately  introduced  and  ex]iix«d  afibrdlng  the  incanii  of  occom- 
jjlishiiig  tliat  object  in  a  remarkable  tuaiiricr.  But  itliould  the  soeretion 
of  water  from  tlie  lachrymal  gtaiul  become  excessive,  as  in  weeping,  this 
draining  mcchoniani  is  insuilicient,  and  the  water  is  discha^ed  oa  tears 
down  the  chc«k. 

Of  the  muscles  for  the  moTcmcnt  of  the  eye,  the  description  has,  in 
part,  been  given  under  that  of  the  nerves.  It  m«y,  bow-  Motion,  of  lU 
ever,  be  here  remarked  that  ibe  eyeball  itt  moved  by  six  «yeuil. 
musdes,  the  four  straight  and  the  two  oblique.  The  straight  muscles 
arise  at  the  optic  forameti,  and  are  inserted  into  the  sclerotic  in  the  four 
quadrantal  positions  above,  below,  right,  and  left.  The  action  of  each 
of  these  musclea  la  to  mm  the  cyubnJl  toward  itaelf ;  when  they  contract 
idl  together,  they  tix  it.  The  8Up<?rior  oblique  muscle  arises  firom  the 
.^mc  place,  passes  throogh  a  pulley  beneath  the  internal  angular  process 
of  the  frontal  bone,  its  tendon  being  inscncd  into  t)ie  sclerotic  near  to 
the  entrance  of  the  optic  nerve.  The  inferior  oblique  riacs  from  tlie  in- 
ner margin  of  the  superior  maxillary  bone,  passes  beneath  the  interior 
straight  muscle,  and  is  inserted  into  the  selerotie  on  its  outer  and  poa- 
terior  part,  near  the  entrance  of  the  optic  nerve.  The  miperior  oblique 
ToUs  the  globe  inward  and  forward,  the  inferior  rolla  it  outward  and  back- 
ward ;  acting  together,  tlicy  draw  the  globe  forward  and  converge  the 
axcfl  of  the  eyes-  The  nervous  supply  for  these  various  muscles  haa  al- 
ready been  specified  in  page  334. 


CILVPT^R  XXI. 

OP  CEnEBR.VI>  SIGHT  OK  INVERSE  VISION. 
DifhrmiM  hftma  orrHmny  ItnVxi  am/  anbnU  Si^. — Imrrwe  Virion  tbpeuit  on  (Ai  Vtaiigu 
Oamtttiim  vf  vtr  ptrrrMmg  (iwf  /MfurwrnEMu  t*  t/kU  ri*y  "i***  ht  tg%Ktl  ra  Inlrntiljf  to  prtttM 

pmtimti  id,  f>y  dininijiMny  On  prufti  Sm^atiotiM, 
Emtwyfm  <^  oU  Im/>rwMnmu  m  Slifp,  fww,  Dmti.—Art^dai  Smtrgma  <if  mcA  VtstIsM  bjf 

J\otiirUk  o^  Xitrogtn,  Qptmn,  «f4!. 
Oertbral  SigAt  imd  Ittatlogiraffy  to  imtitaU  Ae  InmartaiUi/  ^ftU  &mL 

The  perception  of  external  objects  depends  on  the  rays  of  light  entei^ 
ing  the  eye,  and  converging  so  as  to  produce  images  which  make  an  im- 
pression on  the  retina,  and.  through  the  optic  nerve,  are  recognized  by 
the  brain.  The  direction  of  the  influences,  ao  lar  as  the  observetr  is  con- 
c(?nicd,  is  from  witliout  to  within,  from  the  object  to  the  brain. 

Cc 
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But  the  invcrw  of  thiB  is  posiiblc.  Imprrssions  already  esi.*iin|?w 
tltc  brain  mftv  take,  as  it  were,  an  outward  directiou,  and  Ijc  ^rojniKd 
or  localized  among  extenud  forms ;  or  if  the  eyes  W  closed,  oi  the  vV 
aerver  is  iu  darkness,  they  will  fill  up  tlic  eiu])ty  spuce  bcibre  him  villi 
aoenery  of  their  own. 

Inverse  \'i3ion  depouU  primarily  on  the  condition  tJiat  fomuir  impre}- 
aions,  which  are  inclosed  in  tbo  optic  tbalauii  or  icf^icring  gan|;tb  at 
the  baac  of  tlic  brain,  assume  siicli  a  degree  of  relative  intensitr  llui 
ihey  can  arrest  tlie  attention  of  tlie  mind.  Tho  moment  that  an  ef|iul- 
ity  is  established  between  tlie  intensity  of  theae  vestiges  and  senutionf 
oonteinporaueoualy  received  ftum  the  outer  world,  or  tJiat  thu  latio  an.' 
wholly  extinguished,  as  in  Kilecp,  in%-erso  vision  occurs,  prv^iienting  il5cli. 
aa  the  conditions  nuy  vary,  under  diB'ereut  furms,  apparitions,  risioni. 
dreams. 

From  the  moral  cficct  to  which  the»e  give  rise,  we  are  very  UaUe  iv 
regard  tlicm  a^  connected  with  the  HUjiematural.  In  trntli,  hnwera. 
(Jiey  are  the  natural  rp3uli  of  tlic  action  of  the  nervous  inedianisni.  whicl 
of  necessity  produces  them  whenever  it  is  placed,  either  by  nonml,  ur 
morbid,  or  artificial  causes,  in  tlic  {iro|>er  condition,  It  can  act  eilba  £■ 
pMtly,  as  in  ordiniirj'  vi»ion,  or  inversely,  as  in  cerebral  sight,  ami  in  tin* 
reapoct  resembles  thane  instruments  which  etjuidly  yield  a  musical  n<}ti' 
whether  the  air  is  blown  through  them  or  drawn  in. 

The  hours  of  sleep  constantly  present  us,  in  a  state  of  perfect  hoJth. 
DiiSir-i).r>  tic-  illtiaions  which  flppenr  to  address  ihemi*clves  to  the  rye  nili- 
Mirw«Wn*'u*'  cr  than  to  any  other  sense,  and  these  commonly  combine inW 
Ituloii*.  moving  and  acting  sccnerieji,  a  dream  l»eing  tnjiy  ■■»  draru 

of  the  night.     In  certain  stiites,  appearances  of  a  like  nature  iutn^l' 
themselves  before  us  even  in  the  open  day,  but  these,  being  corrected  ^ 
the  realities  with  which  they  aro  surrounded,  impntsd  us  very  diiTcreaVli 
(o  ihc  j^liantoms  of  our  Bleep.     The  want  of  unison  between  soch  *^^ 
ages  and  the  things  among  which  they  have  intruded  thcmselvea,    ■* 
anachronism  of  their  advent,  or  other  obvious  incongruities,  restrain    '*'* 
mitid  from  delivering  itaclf  up  to  that  absolute  bdief  in  their  r^oJ^' 
which  so  completely  possesses  us  in  our  dreams.     Yet,  nevertbel^S* 
such  is  the  constitution  of  man,  the  bravest  and  the  wisest  encouC^^ 
these  fictions  of  their  own  organization  with  awe. 

If  we  measure  the  importance  of  events  occurring  to  US  by  their  '^^ 
rnaamavrof  l^^ncy,  tlie  depth  of  the  impreiwion  they  make,  tlie  in-^^ 
menuiiiailud-  encc  they  exext  on  our  own  individual  career,  or  have 

""*  crted  on  the  progress  of  the  whole  human  race,  there 

very  few  more  descn'ing  the  discussions  of  physiology  than  visual 
lacinations.  "With  respect  to  frequency,  it  may  be  reawoably  said  t 
if  images  arise  in  the  mind  by  night  as  nutncruusly  aa  aenaible  fo 
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present  themselves  by  day,  it  is  not  likely  that  Ihey  should  lie  buiter 
borne  in  memory ;  but  of  the  thousands  of  objects  wc  encounter  every 
day  of  our  lives,  how  few  tJiere  are  that  we  can  diHtinrtly  recollect  at  its 
clcwe.  We  think  we  explain  thin  wonderful  forgetfulnesa  by  saying  wc 
have  paid  no  attention  to  litem ;  and,  in  like  manner,  the  dreama  we  re- 
member are  jieriiapB  only  a  very  insigniticaiU  proportion  of  those  whicli 
have  been  presented  to  the  miud. 

It  has  1)een  said  tliat  a  belief  in  appiuitlons  ia  natural  to  every  man. 
However  niucli  we  may  tliaseiit  from  liic  correctness  of  sucli  a  71,01,  n,,„| 
geiiund  aissertion,  there  can  bo  no  doubt  that  it  luut  a  founda-  "^^^ 
tion  ill  truth.  The  faith  of  a  child  in  this  particular  is  only  gradiiallv 
gapped  as  he  grows  up  to  be  n  man.  Nay,  even  in  mature  life  there  may 
always  be  found  those  who  have  an  unwavering  confidence  in  (he  reality 
of  iheso  illusions,  and  many  of  these  ore  jwrsons  eharai'tcrizf^d  by  their 
moral  courage  and  love  of  truth.  I  have  just  remarked  that  fi-w  things 
have  exerted  a  greater  influence  on  tiie  career  of  the  human  race  than  a 
(irm  belif^  in  these  spiritual  visitations.  The  visions  of  the  Arabian 
prophet  have  ended  in  tincturing  the  daily  life  of  half  the  |Kople  of  Asia 
and  Africa  for  a  thousand  years.  A  spectre  tluit  came  into  the  camp  at 
Sanlis  unnerved  tlie  jicart  of  Bruttia,  and  thereby  put  an  end  to  the  po- 
litical system  that  had  made  the  great  republic  the  arbiter  of  tlie  world. 
Anotlicr,  that  appcjutid  to  Constaiilinc,  strengthened  hi.o  hand  to  the  ac- 
coniplifihnieiit  of  that  most  dilficult  of  all  the  Caaka  of  a  statesman,  the 
destruction  of  an  ancient  faith. 

But  thaic  were  all  impoaturea,  it  may  be  said.  Not  so ;  they  were 
no  impostures  of  the  persons  to  whom  they  are  reported  to  Imve  oecitrrcfl, 
and  who  assuredly  firmly  belie%'ed  in  the  real  existence  of  what  they 
thought  they  saw.  To  the  two  or  three  instances  mentioned  above, 
ttoorea  of  a  like  kind  might  be  added,  which  have  issued  in  the  oonirait- 
£ing  of  men  to  the  most  earnest  kind  of  work.  So  often  do  historians 
notice  ail  element  of  this  kind  mingling  hi  the  career  of  those  who  have 
made  the  deepest  mark  on  our  race,  that  some  are  to  be  Ibond  who  as- 
t*ert  the  necessity  of  such  a  confhiion  to  any  widespread  and  |)crmanent 
political  event.  Whatever  wc  may  think  of  such  a  conclut'ion,  the  prem- 
aea  on  vliich  it  is  founded  arc  well  worthy  of  our  consideration.  The 
physiologist  is  not  at  liberty  to  deny  that  lunatic  and  delirious  men  have 
faith  in  what  they  see.  Tlieir  senses  may  deceive  them,  hut  they  are 
not  impostors.  It  ia  for  him  to  consider  how  phantoms  may  arise  in 
conditions  of  apparent  health  as  wcU  as  in  slates  of  disease ;  in  the  tran- 
qoiliity  of  the  soUtary  man  as  well  as  in  the  feverish  excitement  of  the 
entliusiaat. 

ViKiial  hallucinations  are  of  two  kinda,  thnae  which  are  seen  when  the 
eyes  are  open,  and  thoae  perceived  when  they  arc  dosed.     To  the  tior- 
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AmtmrMmt  Tocr,  the  designation  of  apparitions ;  to  the  latter,  thnt  of  t|$> 
udrWow.  iQna  may  be  givoii.  Dreams  Oierefore  come  under  the  Uit«r 
dui. 

The  simplest  form  of  apparition  is  that  knoirn  among  phyacioiu  at 
UwoB  ToU.  mosca!  voUtoiitcs.  These  ate  dark  specks,  like  tiics,  vfaitb 
**""*■  acem  to  bu  touting  in  a  deriotis  course  in  the  air.  Thef  are 
owing  to  disttirhonces  or  changes  in  the  retina.  They  oircn  appear  to 
occupy  the  (lying. 

Of  visions  tlic  moat  common,  because  they  can  be  voluntarily  pn> 
B«nwin«  of  op.  duced,  are  those  vhieh  depend  on  the  remains  of  imfreataom 
lie  Ia4ic««i»[ia.  jj,  ^jiy  retina  and  optic  centrta.     If,  when  wq  awake  in  iIk 
niOinung.  our  eyea  are  tuniud  for  a  moment  to  a  window  or  other  b(^ 
object,  and  then  closed,  tliere  atill  appears  to  the  mind  a  8]WctnLl  rcp»> 
scntaiion  of  the  object,  which  gmdually  failcs  away.     These  illnsions  cm 
be  canflcd  to  have,  as  it  were,  a  movement  in  the  dork  space  before  M, 
answering  to  the  voluntary  rotation  of  the  eyeball.     Sometimes,  wbcn 
tlio  light  is  not  sufficiently  intense,  or  the  non'ous  organs  not  sensitife 
euough,  the  virion  docs  not  moke  its  appearance  on  the  dosing  of  iIm 
eyelids,  but,  ailer  fastening  the  attention  on  the  position  in  which  it  u  o 
SMt  of  ftiiMri.  pfic*^  *•*  come,  it  slowly  emerges  at  last     Thnt  it  couiits 
tfciM  wilt  vi*-  in  a  real  iniprpsstou  which  lias  been  ina^e  ou  those  oigiw» 
and  ia  not  a  mere  product  of  the  unaided  hna^nation,  b  roj 
clear  from  the  fact  that  we  may  discern,  by  attentively  considering  it 
many  Uttlo  peculiarities  wliich  wc  have  not  had  time  to  notice  in  dw 
oqginal  object ;  thus,  if  there  hoii  bc«n  a  lace  curtain,  or  other  such  TtO- 
marked  body  before  us,  we  can  not  only  see  in  the  vision  the  pbe* 
where  its  folds  intersect  the  windows,  but  likewise,  if  the  impressioD  1« 
a  good  one,  all  the  peculiarities  of  its  figured  {lattcni ;  and  tliat  (MU 
conclusions  in  thess  nspecta  arc  correct  is  proved  as  soon  as  we  ro-op"' 
our  eyes. 

Between  apparitions  and  visions  is  on  intermediate  class,  of  whicb  ** 
ia  not  my  object  now  to  say  much ;  they  mar,  however,   *• 
Styled  deceptions.     These  take  their  origin  m  »ome  oatw*" 
existing  reality,  and  are  exaggerations  of  the  fancy.    They  are  cornmo**^ 
encountered  in  tite  evening  twilight,  or  in  places  feebly  illuminated.     ^^ 
W.  Scott  says  of  children  that  lying  is  nutural  to  them,  and  that  to  C^ 
the  truth  ia  an  acquired  liabit.     If  they  are  thus  by  nature  prone  to  ^^'^ 
ceive  those  around  them,  they  are  none  the  less  prone  to  deceive  the*^" 
selves.     To  them,  a  white  ohjoct,  faintly  descried  in  the  obscurity^ 
easily  expanded  into  a  moving  and  supernatural  thing. 

In  a  physiological  sense  I  consider  that  simple  apparitions  arise  fr^^ 
disturbances  or  disease  of  the  retina ;  visions  from  the  traces  of  ^*^ 
prcesions  inclosed  at  a  former  time  iu  the  oorpora  quadrigemina  and 
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tic  tlialami,  Jn  their  most  liighly-ninrked  state  the  former  may  be 
iTcatod  of  as  results  of  insanity  of  the  retina,  the  latter  as  of  ccrcbra] 
vision. 

Distiirhnnpc  of  the  retina,  hrongbt  on  by  any  cause  whatever,  may  give 
rise  to  simnlc  .opectral  appnritinnn,  which,  ns  the  rirenmatances  , 
change,  ^nll  have  an  indctinite  contour  or  a  detinilc  form ;  nor  from  miaai 
are  they  merely  shades  aud  shadows :  they  may  be  presented  '"'*"''^**- 
in  colors,  which,  however,  are  usually  dim  or  Euhdued.  Thu^  if,  the  eye- 
lids being  closed,  wo  press  gently  nith  the  tip  of  the  finger  on  the  inner 
or  outer  angle  ofono  of  the  eyes,  a  gray  apot  Burroundcd  by  colors  makes 
its  appearance  on  tlie  opjwBitc  aide  of  ibe  name  eye,  and  dances  about  as 
the  pressure  ol'  the  finger  varies.  M'ith  a  more  extensive  and  lica\ncr 
pre-ssorc  clouds  of  various  rainbow  tints  till  up  nil  the  imaginary  apace 
ibefine  us.  In  like  manner,  the  passage  of  an  clectiic  current  from  a  vol- 
taic pair  induces  a  flash  of  liglit  of  considerable  brilliancy.  Internal 
pressures  and  spotilaneous  variations  in  the  rate  of  metamorphosis  and 
nutrition  of  the  retina  act  in  a  manner  analogous  to  external  disturbances. 

From  tlic  musoc  votitantes,  which  may  be  r^arded  as  the  tirst  rudi- 
ments of  apparitions,  it  is  but  a  step  to  tlic  intercalation  of  simple  or  even 
groteaque  images  among  the  real  objects  at  whidi  we  are  looking;  and* 
inrleed,  this  is  the  manner  in  whiiJi  they  always  offer  tlicms(;lves,  as  rest- 
ing or  moving  among  the  actually  existing  things.  I  do  not  undertake 
to  say  how  far  ive  are  liable  to  practice  dt-ception  upon  ourselves,  after 
the  manner  we  hnve  spokou  of  in  cliildren,  when  wo  have  once  detected 
the  fact  that  we  are  liable  to  this  inlirmity.  An  ituinimate  object — for  in- 
atanco,  a  slick — is  seen  upon  the  Hoor;  we  go  to  take  it  up;  we  fmd  there 
is  nothing  tliure ;  we  rctitm  to  our  tiist  position,  but  we  can  observe  no 
shadow  or  other  reality  tlmt  can  \m  offrrt'd  as  an  explanation  of  wliat  we 
have  seen.  iVn  ct*ent  of  this  kiml  predisjmscs  ns,  jterliaps,  to  return  to 
that  disposition  of  exaggeration  so  natural  to  our  early  life,  and  the  next 
time  tlic  retina  deceives  ua  we  involuntarily  give  to  the  hallucination  mo- 
tion and  a  more  definite  form. 

Insects  flying  in  the  air,  or,  rather,  floating  in  vacancy  before  ns,  pre- 
sent tlie  incipient  form  of  retinal  malady.  It  may  be  provoked  by  un- 
due use  of  the  eyes,  as  reading  by  lamp-light.  I  remark  it  constantly, 
in  my  own  case,  after  prolonged  use  of  the  microscope.  In  a  more  ag- 
gravated form,  it  IcRK  frequently  occurs  as  producing  atars  or  sparks  of 
light.  From  the  earliest  times,  jihyaieinns  liavc  obeen'ed  that  it  is  a 
•'bad  sign"  when  the  patient  localizes  these  images.  "  If  the  sick  man 
says  there  l»e  liifle  holo«  in  the  curtains,  or  black  apots  on  his  bcd- 
clothcSi,  then  i»  it  ])lain  that  his  end  is  at  liand." 

Under  the  title  of  pseudoblepsis,  or  false  vision,  medical  authors  enu- 
merate several  varieties  of  the  foregoing  phenomena;  but  when,  as  is 
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C«-e>i«t<vce     most  commonl}'  the  caac,  the  derangement  which  gives  ori; 
"''^'luiu  «•  *^  *^^*^  appcarnncos  is  not  [imitcd  to  the  retina^  but,  aiui 
ehral  mifc-hi.       in  8ome  constitutional  affection,  involves  more  or  Ipm 
uletely  the  entire  nervous  apparatus  of  the  eye,  retinal  iniMiDity  and  cerel 
vision  occur  together.      In  ttiOM  cases  which  have  been  inve«tigat<^l  rr 
a  philo>!0]iUiciil  manner  by  the  patienta  tlieuieelves,  thni  corapUcation  Le 
often  distinctly  recognized.     Thus  Nicoki,  the  Prussian  bookseller,  who 
publiahed  in  tlie  Memoirs  of  the  Royal  Academy  of  Berlin  an  inlenstiiig 
account  of  liia  otm  sufferings,  states  that,  of  the  apparitions  of  men  ud 
women  with  wliich  he  was  troubled,  there  were  some  vhich  disAppntrcd 
on  shutting  the  ryes,  but  some  did  not.      In  such  a  case  there  csn  be  no 
doubt  that  the  disease  affected  the  corpora  quadrigemina  and  the 
thalanii  aa  well  as  the  retina. 

This  condition,  in  wliich  the  receiving  centre*  and  registering  gai>{,^is 
at  the  base  of  the  brain  are  engagcl,  is  the  one  which  yields  the  matt 
striking  instances  of  hallucinations  in  which  apjiaritions  and  'visiom  o(h 
liniuKiit  on  BT-  exist.  It  con,  like  the  less  conipltcated  fonns,  be  bniii^ 
wrtwLoBiwn'^  on  nrtilicially,  as  in  the  delirium  tTcm<ms  which  foUom 
Ac  ce»iation  Irom  the  cnatoniary  use  of  alcohol,  or  in  the 

atton  by  the  purposed  administration  of  opium  or  other  drugs.  In  thii^ 
.-IS  in  tho«e  forms,  it  is  the  localization  of  the  phantom  among  thebo^ 
imd  things  around  ns  lljat  begins  to  give  power  lo  the  illusion.  "^ 
t'orm  of  a  cloud  no  bigger  than  the  hand  is  perhaps  first  seen  6osti!>g 
over  the  caq>4!t,  but  thiii.  as  the  eye  follows  it,  takes  on  a  Hharp  imitouf 
■ad  definite  sliajie-,  and  the  rtutfen?  aces  with  dismay  a  moping  ravcD  on 
some  of  the  more  distant  articles  of  furniture;.  Or,  out  of  an  indistinct 
cloud,  faces,  sometimes  of  surprising  loveliness,  emei^,  one  face  sun-^''' 
big  as  another  dies  sway.  The  mind,  ever  rt-ady  to  practice  im|":'-tiir> 
upon  itself,  will  at  Inat  accompany  the  illusion  with  grotesque  or  <v<i 
dreadful  inventions.  A  sarcophagus,  painted  after  the  manner  cf  >^"' 
Egyplians,  distresses  the  visionary  with  the  rolling  of  its  eyea.  HUrlin 
Luther  thus  more  than  onco  saw  the  devil  under  tlie  wcll-kDovn  f)tni 
{Wpularly  asttigncd  to  him  iii,  the  &liddlc  Agt;s. 

As  the  ner%'uus  ceiitrca  have  been  nion-  profoundly  involved,  t]ie« 
V>«ioi»Drft«i*e  ^"isiona  become  more  impressive.  Instead  of  a  solitary 
Ar«M«gent«d  phantom  intruding  itself  among  recognized  realities,  ss  tht 
'^''^^-  shade  of  a  deceased  friend  opens  the  door  and  noi»cJ««lf 

•tepa  in,  the  complicated  scenes  of  a  true  drama  are  displayed.  1^ 
brain  becomes,  as  it  were,  a  tlieiitre.  According  as  the  travel  or  t!« 
reading  of  the  sick  man  may  have  been,  the  illusion  lakes  a  style :  W"*^  J 
vistas  of  Oriental  andiiteeture,  that  stretch  away  into  infinite  nights  l«*HI 
pies,  and  fanes,  and  tiiv  haltlemented  walls  of  cities;  colossal  PhirsoH  ' 
sitting  in  everlasting  silence,  with  their  hands  upon  their  knoea.    "' 
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Dftw.**  sajB  De  Qaincey,  in  his  Confessions  of  an  Oplam-eater.  *'  as  1  Uy 
itvrake  in  bed,  vast  processions,  that  passed  along  io  niournful  ponip ; 
i'ricisea  of  ncvcr-t:nding  stories,  tliat  to  my  tceliiiga  were  as  sad  and  boI- 
omn  88  if  thay  were  storicH  drawn  from  times  before  (£dipU8  or  Priam, 
liefore  Tyre,  before  Meinpliis ;  and,  at  the  same  time,  a  corresponding 
change  took  plaec  in  my  dreams ;  a  tlieatre  seemed  suddenly  o]x^cd 
and  liglitcd  up  within  my  brain,  which  presented  nightly  Rpcctocles  of 
more  than  earthly  splendor." 

App&ritions  are  the  reguU  of  a  false  interpretation  of  impressions  con- 
temporaneously made  on  the  retina ;  visions  are  a  presunlracnt  of  the 
relics  of  old  onus  which  yet  rtimuiit  in  thu  rf.'gi.'<tcriii^'  ganglia  of  the 
brain.  We  convince  ourselves  of  the  truth  of  this  general  assertion  not 
80  well  from  an  examination  of  one  or  more  well-related  or  authenticated 
cases  as  from  what  may  be  termexl  the  niiliiral  history  of  ghosts.  The 
( Srceka  and  Romans  of  antiquity  were  just  as  much  liable  to  secular  vmI«. 
disorders  of  the  nervous  system  as  we  are,  but  to  them  sn-  pocTjnd  w^ 
pemaiiural  appearances  came  under  mythologic  forms,  Venus,  tumc  of  «piriu. 
and  Mars,  and  Minerva.  The  places  of  those  were  taken  in  tlic  dreams 
of  the  ascetics  of  the  Middle  Ages  by  phantoms  of  the  Virgin  and  ofihe 
saints.  At  a  still  later  time,  in  Northern  Europe,  and  even  in  England, 
where  tbe  old  pagan  superstitions  are  scarcely  yet  rooted  out  o(  the  vul- 
gar mind,  even  though  the  {{efunnation  has  broken  the  pystem  of  ecclesi- 
astical thought,  fairies,  and  brownies,  and  Kobin  (Joodfellow  survive. 
The  form  of  phantoms  has  changed  with  change  of  the  creeds  of  comma- 
nitics,  and  wc  may  thcrctbrc,  witii  good  Kej^iuald  Scot,  inquire,  "  If  the 
'apparitions  which  have  been  seen  by  true  men  and  brave  men  in  all  ages 
of  tlic  world  were  real  existences,  what  has  become  of  the  swarms  of 
them  ill  these  latter  limes?'' 

One  class  of  apparitions — perhaps  it  was  tlie  first  to  exist,  as  it  is  the 
last  to  remain — has  sumved  all  these  changes — survived  them  because 
it  is  connected  with  a  lUing  that  never  varies — the  affection  of  the  hu- 
man heart.  To  the  people  of  every  age  the  images  of  their  dead  liave 
appeared.  They  are  not  infrequent  even  in  our  own  limos.  It  would 
be  an  ungracious  task  to  enter  on  an  examination  of  the  best  authenti- 
cated of  such  ancedotcs.  Inquiiiea  of  this  kind  can  scarcely  be  freed 
from  the  liability  to  an  imputation  on  personal  veracity,  perceptive  pow- 
er, or  moral  cour-ige;  and,  after  all,  it  is  not  necessary  to  entangle  our- 
sel^'os  with  these  causes  of  offense.  It  is  enough  for  us  to  perceive  that 
even  here  incongruities  may  bo  pointed  out.  The  Kouian  saw  tlie  shade 
of  his  friend  clothed  in  the  well-known  toga;  the  Eurot>ean  sees  his  in 
our  own  grotesque  garb.  The  spirit  of  ilau|>ertuiB,  which  stood  by  the 
bay  window  of  the  library  at  Berlin,  had  on  knee-breeches,  silk  stock- 
ings, mid  shoes  with  large  silver  buckles.     To  the  philosopher  it  may 
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perhaps  occur  that  it  is  very  douhiful  if,  among  the  awful  solemnhirs  of 
tlie  other  world,  the  fashions  ever  vary.  Let  ua  pause  bcibre  wc  caht 
the  vanities  of  life  heyond  tho  grave. 

from  such  reflections  as  the  preceding,  I  tliink  il  may  therefore  "be 
concluded  that  there  are  two  souroeH  from  which  spectral  appearances  arc 
derived:  Ist.  Disturbance  of  the  retina,  which  presenta  masses  of  light 
and  shade  or  colors  to  tLie  mind,  and  these  arc  worked  by  the  fancy  into 
definite  fonns  on  the  same  principle  that  we  fignro  to  ourselvcH  pictures 
effaces  among  glowing  embers.  This  constitutes  retinal  insanity.  2d. 
Gradual  emergence  from  the  registering  ganglia  of  the  brain  of  old  im- 
prcssiong,  which  arc  rendered  as  intense  and  distinct  as  contemporaneous 
aensatiouB,  The  two  forms  may,  however,  coexist.  Of  the  l»tter,  1  may 
observe  that  tlio  views  of  Dr.  Hibberl,  iu  Ids  work  on  Apparitiune,  apjiear 
to  me  to  approach  nearer  to  the  truth  llian  those  of  any  other  author.  It 
will  he  perceived,  however,  after  perusing  his  int<(rc8ting  book,  that  i  have 
not  laid  the  stress  he  has  done  on  the  mechanical  inBucnce  of  1hc  circu- 
lation of  tlie  Idood,  but  view  the  effect  aa  of  a  more  purely  ncrvoua  kind. 

Aa  the  emergence  of  old  images  which  have  been  registered  in  the  op- 
tic thalami  is  not  only  connected  with  the  physiological  explanations  wo 
have  given  of  the  functions  of  the  brain,  but  also  occurs  under  circum- 
stances of  such  singularity  as  to  Ijorder  uiwu  the  supernatural,  we  may 
pursue  the  consideration  of  it  a  little  farther.  It  may,  I  think,  be  broad- 
AEMMoCnUp.  ^y  ****^''^"i  "^'"^t  "1^  spectral  appearances  refer  to  things  lliat 
pwunnonnfer  axe  paat,  persons  who  are  dead,  events  which  have  taken 
tapMt«vaQU.  p[^^  scenes  that  we  have  visited;  or,  if  we  have  not  seen 
the  actual  reality,  then  pictures,  statues,  or  other  such  rcprcsentationa 
thereof.  It  has  uctct  yet  occurred  that  any  one  has  seen  a  phantom  tJie 
indications  of  the  bodily  prracncc  or  rrpresertation  of  which,  until  that 
moment,  he  had  never  known.  Thu*,  in  tlie  5Iiddle  -Vgea,  the  spectres 
of  African  negroes  were  common  enough,  hut  no  man  ever  witncsucd  one 
of  an  American  Indian*  yet  tUeH.-,  in  their  turn,  prevailed  after  ijie  voy- 
age of  Columbus.  They  were  no  strangers  to  the  early  colonial  settlers. 
The  same  may  be  said  of  all  kinds  of  inanimate  objects. 

As  illustrating  tlic  manner  in  whicti  impressions  of  the  past  may 
,  emiTirt!  from  ilie  rcKiBlcrine  ranclin,  1  shnll  hero  furnish  an 
tlin  imient«i»-fl  instance  which  borders  elo.'^cly  upon  the  sii])ematnral,  and 
^^iaa.'rm-  ^^^^^y  represents  the  most  marvelous  of  these  psychological 
plienomena.  It  occurred  to  a  physician,  who  related  it  in 
my  hearing  to  a  circle  whoso  conversation  had  turned  on  tho 
subject  of  personal  fear.  "  What  you  are  saying,"  he  remarked,  '*  may 
be  MCry  true,  but  I  can  assure  you  that  the  itentiment  of  fear,  in  its  ut- 
most degree,  is  mucli  less  common  than  you  suppose;  and,  though  yon 
may  be  aurpribcd  to  hear  mu  say  it,  1  kuow  from  personal  expcnence  that 
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this  is  oerdunly  so.  When  I  was  £vc  or  six  ytan  old.  I  dreamed  that  I 
was  passing  by  a  large  pond  ol'  water  Id  a  vtry  tu^litarr  jilacc.  On  the 
opposite  side  of  it  tlicic  stood  a  great  tree,  thai  lookwl  m  if  it  bad  been 
stmck  by  lightning;  and  in  the  pond,  at  another  part,  an  old  fallen  trunk, 
on  one  of  the  prone  Hnibs  of  which  there  was  a  turtle  tunning  himsett 
On  a  sudden  a  wind  arose,  which  forced  me  into  the  pond,  and  in  my  dy- 
ing struggles  to  extricate  myuelf  from  its  green  and  sUniy  watcjs,  I  awoken 
ticmbling  with  terror. 

"About  eight  years  subsoqucntly,  while  recovering  JVom  a  nearly  fatal 
attack  of  scarlet  fcrer,  this  dream  presented  itself  to  me,  identical  in  all 
respects,  again.  Even  up  to  this  time  I  do  not  think  I  had  ever  aeen 
a  living  tortoise  or  turtle,  but  I  indistinctly  remembered  thcro  wa»  the 
pieturu  of  one  in  ihc  tirst  spelling-book  that  had  been  given  me.  Per- 
hapst  on  account  of  my  critical  conditiou,  this  second  dream  impreased  me 
more  dreadi'ully  than  the  tirst. 

**  A  dozen  years  more  elapsed.  I  had  become  a  physician,  and  was 
now  actively  pursuing  my  professional  duties  in  one  of  the  Southern 
states.  It  so  fell  out  thut  one  July  afternoon  I  had  to  take  a  long  and 
wearisome  ride  on  liorsctioek.  It  was  Sunday,  and  extn-niely  hot:  tlie 
path  was  solitary,  and  not  a  bouse  for  miles.  The  forest  had  that  in- 
tense silence  which  is  so  characteristic  of  this  part  of  the  day;  all  the 
wild  animals  and  birds  seemed  to  have  gone  to  their  retreats,  to  he  rid  of 
the  heat  of  the  snn.  Suddenly,  at  one  point  of  the  road  I  came  upon  a 
great  stagnant  water-pool,  and,  casting  my  eyes  across  it.  there  stood  a 
pinc-Lret^  blasted  by  lightning,  and  on  a  log  that  was  nearly  even  with 
tlio  surface,  a  turtle  was  basking  in  the  sun.  The  dream  of  my  inl'ancy 
was  upon  mc ;  the  bridle  fell  from  my  hands ;  an  uimtterablc  fear  over^ 
sliadowed  me  as  I  slunk  away  from  Iho  uccurKed  place. 

"Though  business  occasionally  afterward  would  have  drawn  mo  that 
way,  I  could  not  summon  the  resolution  to  go,  and  actually  have  taken 
ronndaI>nut  paths.  It  seemed  to  mc;  prf>founttIy  amazing  that  the  dream 
that  I  had  hml  should,  nfler  twenty  years,  lie  rcallKcd  without  respect  to 
difiVrence  of  sccnm*.  or  climate,  or  age.  A  good  clergj-man  of  my  nc- 
quaintance  took  the  opporluiiily  of  lutproving  the  circumstance  to  my 
spiritual  advantage ;  and  in  his  kind  enthusiasm,  for  he  knew  that  I  had 
more  than  once  been  brought  to  the  point  of  death  by  such  fevers,  inter- 
preted my  dream  that  1  should  die  of  marsh  miuxui. 

"  Most  persons  have  doubtless  oltsorvcd  Iliac  clie^*  suddenly  encotmlcr 
eircnmstances  or  events  of  a  irivinl  nature  in  their  course  of  life  of  which 
they  have  an  indistinct  recollection  that  they  have  dreamed  before.  It 
seemed  for  a  long  time  to  me  that  this  was  a  case  of  that  kind,  and  Oiat 
it  might  be  set  down  among  ihc  mysterious  and  unaccountable.  How 
wonderiul  it  is  that  we  so  often  fail  to  see  the  simple  explanation  ot 
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things,  when  tlml  explanation  is  actually  intruding  itself  belbre  U8.  And 
B4  in  thitf  case;  it  was  lung  l^rlbre  lliu  Irutii  gleamed  in  upon  nic,  before 
mv  reasoning  powers  eliook  oH'  the  delusive  impressions  of  my  senses. 
But  it  occarrej  at  last ;  for  1  said  to  myself.  Is  it  more  probable  tliat 
sucli  a  mystery  Is  tnic,  or  ttuit  1  U&vc  dreamed  for  the  third  time  that 
which  1  had  already  ilri'aiiied  of  twice  before?  Have  I  reall/  *ecn  the 
blasted  tree  and  tbe  siiiiiiing  turtle  V  Are  a  weary  ride  of  lifty  miles, 
the  noontide  heat,  the  BilenL-e  that  ooalil  almost  be  fell,  no  provocatives 
to  a  dream  ?  I  have  ridden  under  such  circumstances  many  a  mile,  fast 
aalcep,  and  have  awoke  and  kno^m  it ;  and  so  I  resolved  that  if  ever 
circiunstance^  carried  me  to  those  parts  again,  I  would  satisfy  myself  as 
to  the  matter. 

"Accordingly,  when,  at"lcr  a  few  years,  au  incident  led  mc  to  travel 
ihcrc,  I  revisited  the  well-remembered  scene.  There  Btill  was  Uie  stag- 
nant pool,  but  the  blasted  pine-tree  was  gone ;  and  after  I  had  pushed 
my  horse  through  the  marshy  tliicket  as  far  as  I  could  force  liiui,  and 
then  dismounted,  and  pursued  a  dose  investigation  on  foot  in  every  dir 
rection  round  the  spot,  1  was  clearly  convinced  that  no  pine-tree  luid  ever 
grown  there ;  not  a  stamp,  nor  any  token  of  its  rcmatn»,  could  he  seen  i 
and  80  now  I  have  concluded  lliat,  at  the  gtiinjwc  of  llie  water,  with  tlie 
readiness  of  tlioee  who  are  falling  asleep.  I  had  adopted  an  external  fact 
into  a  dream ;  that  it  had  aroused  the  trains  of  thought  Trhich,  in  former 
yejirs,  Iiad  occupied  iiic  ;  and  that,  in  fine,  the  niystf-ry  was  all  a  delusion, 
and  that  I  had  been  frightened  with  less  than  a.  shadow." 

The  instructive  story  of  this  physician  teaches  us  how  readily,  and  yet 
how  impressively,  the  remains  of  old  ideas  may  Iw  recalled ;  how  they 
may,  as  it  were,  be  projected  into  the  space  beyond  us,  and  take  a  posi- 
tion among  existing  realities.  That  such  images  arise  from  a  physical 
iniprvj<»iyn,  which  has  formerly  been  made  in  the  registering  ganglia,  H 
is  impossible  to  doubt,  and  thai  for  their  emergence  from  their  donnont 
state  it  Is  necessary  that  there  should  be  a  dulling  or  blunting  of  con- 
Equdiiatioti  or  temporaueous  sensations,  so  that  these  latent  relics  may 
»IJ  impreMioni*  prcnacnt  tliempeJvcs  with  a  relatively  equal  force.      ThiB 

and  new  w-usa-  ,■      ,■  j-    i       ■  ■  fi  ,  i    ■ 

iioirn  n«*MaTy  ctiuaiixation  01  the  mtensity  of  an  old  impression  with  a 
fuvlBioiu.  present  sensation  may  be  brought  about  in  two  different 
ways :  Ist.  By  diminishing  the  force  of  pre-sent  sensations,  as  when  we 
ModMofac  are  in  a  reverie,  or  have  fallen  asleep,  or  by  breathing  vapor* 
IC'li'iai?  nn^uitd  for  the  support  of  respiration;  2d.  By  mereasing  the 
atiiuo.  activity  of  those  parts  of  the  brain  in  which  the  old  impres- 

sions arc  stored  uj).      On  wtch  of  theiL-  a  few  remarks  may  be  made. 

Cerebral  vision  depends  on  an  equalization  in  intensity  between  pree- 
ent  sensations  and  old  uujiressions.  So  long  as  the  fonner  pnnthmiinatn 
in  power,  tlic  latter  excite  no  attenlioa  or  ace  wiiolly  overlooked.     This 
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oondib'on  is  illnAtrateil  by  bucIi  (acts  as  time  Hie  flame  of   ii]uMration*af 
«  candle^  heW  ngainat  the  sun,  is  iittcrU-  over|iowciV(l  aiifi  av«PMi!«^ff 
imperceptiWe,  but  U  aeon  of  il«  proiW-T  brightness  when  it  tichorhw. 
is  in  pPM^nce  only  of  another  flame  like  itH«lf ;  or  as  tbe  stars,  wbtcli 
are  concealed  by  day,  are  plain  enough  n-heii  the  sun  eets.     .'Vncient  im- 
pmsiona,  harbtned  in  tbe  optic  thalatni,  can  nut  make  themKclvos  felt 
against  sensations  just  establishuig  themselves ;  for  us,  when  we  have 
looked  at  a.  bright  window  and  iIkmi  uloMcd  our  cyc^  ih*^^  n^tinid  pliantoni 
m  see  becomea  paler  and  paler,  and  after  a  while  dies  out,  so  do  cerebral 
tmagea  undergo  a  diminution  of  intensity  with  lapse  of  time,  though  it 
tnjiy   ha  queationod  whether  tlicy  ever  entirely  wear  mit.      The  law 
irbich  obtains  in  our  economy  for  other  organs  of  scn-se  applies  in  these 
esses  too.    Even  in  contemporaneously-occurring  sensations,  unless  there 
eotuetbing  like  an  eLjualily  between  tbeni.  tbe  wejtker  makes  no  im- 
pXQBsion  upon  us.     In  tlic  prei^i'iu-c  uf  a  bright  light,  a  lettH  brilliant  one 
cftn  not  be  aeenj  a  feeble  sound  \a  made  inaudible  by  an  intensely  load 
ftimc:  minute  variations  of  temperature  become  ira(«rceptible  when  wc 
Bare  subinitlcd  to  a  great  beat  or  cold,      ideas  arc  no  more  tlum  the  vc«- 
^tiges  of  what  were  once  sensations,  and  arc  subjected  to  the  same  phys- 
ical law.     For  them  to  become  emiwdicd,  and  to  clieat  the  niiiid  into  a 
belief  of  tlieir  rCHjxislencc,  etiui^-aleiil  in  all  regarjs  to  outward  and  actu- 
ally-cxiating  things,  tbe  impressions  of  lhe.se  latter  must  be  diminished 
tin  their  |iowe^,  or  the  vigor  of  the  former  must  be  rc-cnforced. 

So,  when  we  are  passing  away  in  sli'Cp,  the  organs  of  sense  no  longer 
vey  their  special  impressions  with  tjie  clearness  and  force  tm  «  aom  of 
hat  they  did  in  our  waking  hours,  and  this  gives  to  the  do-  «pMi«npr«iMi» 
CKTUig  traces  which  arc  stoTfJ  in  the  registering  ganglia  the    "      ^ 
wwcr  of  drawing  upon  thcmseUes  the  attention  of  the  mind. 
So,  likewise,  in  tht-  delirium  of  fevers,  the  spectral  pluintoina  which 
ble  the  sick  are  first  seen  when  the  ajMirtnu-nt  is  dark-  »_,___  ^ 
and  kept  silent,  and  tis|i«d«.Ily  when  the  patient  clnses  eUinpfcMitn* 
Us  eye*.     Until  the  scnAra  are  more  completely  overwhelm-  ,'^ftv..trl!"jto 
<d,  these  shadows  will  disappear  on  brightly  illuminating  ibunnideof 

»tbc  room  or  on  opening  the  eyes.  And  so,  too,  in  the  hour 
of  death,  when  outer  things  are  losing  their  force  upon  the  dim  eyo,  and 
dull  ear,  and  worn-out  body,  images  tliat  have  reference  to  the  manner 
of  our  past  lite  emerge ;  the  innocent  and  good  being  attended  in  their 
nolemn  journey  by  Wsions  in  unison  with  their  prior  actions  and  thoaghts, 
the  evil  with  acenea  of  terror  and  des[«tir;  and  it  is  right  tliat  it  should 
be  so. 

The  enfeebling  of  sensations  which  we  are  in  the  act  of  receiving 
from  external  sources,  so  aa  to  bring  them  on  an  equality  with  those 
which  Iiave  been  long  ago  impressed,  not  only  occurs  in  the  condition 
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SmafgwMsof  of  sleep,  and  in  the  article  of  death,  but  may,  in  a  temporary 
by  Irtlfldfti™'  '""'"iCTi  ^«  eatablislied  by  resorting  to  certain  pliysica! 
mwnt.  iigcnts  and  drugs.    I*rc8sure  upon  the  brain,  either  accident- 

ally or  purposely  applied,  tfl  well  known  to  produce  such  a  result,  and, 
in  like  manner,  the  inluUatton  of  various  agcatsi,  8uch  as  pure  hydrogen 
gas,  the  vnpor  of  eihcr  or  clJorofonn,  or  other  noii-supporters  of  njspira- 
tioib  On  bmathing  these  snlistunces,  antusthesia  is  soon  induced;  the 
external  world  disappears  ;  and.  on  carrying  forward  the  operation  to  B 
due  extent,  the  mind  and  the  brain  are  literally  Ict't  to  tUcniaclvcs.  Opium 
acU  in  like  manner,  more  particularly  in  the  case  of  those  who  have  ac- 
cuBtonied  themselves  to  its  undue  use.  It,  however,  not  only  hhints 
the  forcu  of  new  impressions,  but  exerts  a  positive  agency  in  inteusilying 
the  decaying  remains  of  old  ones.  Under  ita  fiiU  influence,  the  true  re- 
lations of  space  and  of  time  disappear:  a  century  of  events  is  lived 
tlirough  in  a  single  night ;  the  vijiiion  can  comprehend  distances  ap- 
proaching to  the  infinite  ;  and  yet,  nnder  these  circumstaiioeft,  the  mind 
does  not  perceive  a  riot  of  incongruous  combinations,  but  every  thing  is 
prcaontcd  in  a  methodical  and  orderly  way — pictures,  all  the  parts  of 
which  arc  in  just  proportions  and  severe  keeping  to  eadi  other,  and  long 
Sequences  of  events  which  maintain  a  mutual  hiirmorvy. 

But,  as  I  have  just  remarked,  the  equalization  of  new  sensations  with 
ArtlildaiLT-  in-  ^^'^  impressions,  which  is  necessary'  for  phantom  appearances, 
MfiModrmic.  and  the  incarnation  and  outward  localization  of  ideas — ^that 
9t  the  brdn  in-  IB,  cerebral  vision — may  take  place  by  heightening  or  re-en- 
°°'  forcing  the  old  impressions,  as  well  as  by  diminishing  the 
intensity  of  the  new  sensations ;  and  as  in  the  former  case,  so  in  this,  the 
result  can  be  reached  in  many  difterent  ways.  Wliatever  will  cause  in- 
creased functional  activity  of  the  cerebral  structure  may  recall  these  old 
images  in  force.  It  ia  almost  unnecessary  to  allude  to  the  delirium 
whicli  attends  inilammatory  atatea  of  the  brain.  Artificial  cxpcriiucnts 
arc  more  instructive. 

For  the  purpose  of  increasing  the  ftmctionnJ  activity  of  the  cerebral 
CMBofprotoK-  stmcture,  protoxide  of  nitrogen,  bv  reason  of  its  greater  solu- 
ideufuiiiii^-cu.  bilitv  in  the  blood,  exceeds  in  power  o%'en  oxygen  gas  itself. 
^This  substance,  when  respired,  at  once  awakens  long  trains  of  vi\-id  ideas, 
iccollcction  of  all  kinds  of  former  scenes.  Its  action  is  divisible  into 
periods,  the  first  corresponding  to  the  heightened  seiisibihty  arisii^ 
from  the  increased  oxidation  it  is  establiahing  in  llie  economy,  the  bco- 
ond  to  the  depression  whicli  soon  conmes  on  tlirough  the  consequent  ac- 
cumulation of  carbonic  acid,  and  which  the  lungs  and  skin  are  unable 
with  sufficient  quickness  to  remove.  Sir  11.  Vnvy,  who  first  recognized 
■  ita  physiological  power,  has  given  us  a  graphic  description  of  these  ef- 
fects.    He  says,  **  A  thrilling,  extending  from  tha  chest  to  the  extremi- 
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ties,  vas  almost  iminccliatcly  produced.     I  felt  a  sense  of  tangible  exten- 
sion, bigUIy  pleasurable,  in  every  limb.     Sly  vijiUe  impresHiooB  were 
dazzltiig  and  ap[>arcntly  ma^itied.     I  bcaid  distinctly  every  sound  in 
the  roont,  and  was  pi'rfecily  awaro  of  my  aitua.tion.     By  d^reee,  as 
the  ptcajinrsble  sensation  increa8>etl,  I  lost  all  connection  with  external 
things :  trains  of  vi^-id  \-iaibio  images  rapidly  passed  through  my  mind, 
and  were  connected  with  words  tn  unch  a  manner  as  to  prwlacc  senaa- 
tionft  perfectly  novcL      I  existed  in  a  world  of  newly-connected  and 
Bewly-modilit^l  xdvan.     When  I  was  awakened  from  tliia  Benii*deliriou8 
tiance  by  Dr.  Kinglakc,  who  took  liio  bag  from  my  raouth,  indignatioD 
uid  pride  were  the  firat  teclings  produced  by  tho  sight  of  the  persons 
aboBt  me.      Sly  emotions  were  enthusiastic  and  subiimo,  and  for  a  rao- 
I     meat  I  walked  romid  tlie  room  perfectly  rcgardlcsa  of  what  waa  mid  to 
■  D&     As  I  recovered  my  former  Rtaie  of  mind,  I  felt  an  inclination  to 
H'OOiiuniLnicate  the  discoveries  I  liad  made  during  tlic  experiment.     I  en- 
HdcsTored  to  recall  tho  ideas;  they  were  feeble  and  indistinct.     One  reo- 
"  oUectiou  of  tvrms,  however,  presented  itself,  and  w^ith  the  most  intense 
bttlief  and  prophetic  manner  I  excLuimed  to  Dr.  Kinglake,  '^Nothing  cx- 
iflls  bat  thoughts  ;  the  universe  is  conipo&cd  uf  impressions,  ideas,  pleaa- 
arcs,  and  pains.'" 

In  like  manner,  tho  intoxication  that  arises  from  alcohol  has  two  dia- 
tiocl  etj^cs,  depending  on  entirely  diffe-rent  phases  of  its  chemical  action. 
At  lirst  there  is  an  exaltation  of  effects,  because  of  the  increased  function- 
al activity  established  ;  but  this,  at>er  a  time.,  is  succeeded  by  a  dullness, 
or  oven  stupefaction,  attributable  to  the  impression  wluch  the  carbonic 
meid  arising  firom  the  oxidation  of  the  alcohol  is  making  upon  the  nenr- 
<MtB  centres.  | 

By  two  dificrcnt  methods,  therefore,  ancient  impressions  Twonrihod^of 
mav  be  equalized,  as  respects  intensity,  with  new  sensations,  "qu^liwiiun  of 
T^lie  '^go^  of  tho  former  may  be  mcreascd,  or  the  eneot  of  mai  exijuag 
the  latter  diminished.  •m-iioafc 

t Equalized  in  any  way  in  their  force,  the  mind  is  ready  to  confound  its 
n  ideas  and  external  forms  toother.  A  cause  whicii,  perhaps,  might 
•m  to  be  trivial,  fastens  the  attention,  and  at  once  a  solitar}-  form,  or 
«TCn  the  machinery  of  a  long  drama,  emerges.  It  is  no  more  {>os8]bIe  for 
Vis  to  say  why  the  thought  runs  in  one  conrse  rather  than  another,  and 
l4iyfl  bold  of  image  after  image  in  succession,  than  w*e  can  foretell  the 
xray  of  a  spark  that  moves  darkling  on  the  ashes  of  a  piece  of  burned  p^ 
Yet  it  too  runs  in  connected  lines. 
No  better  evidence  can  be  given  tliat  the  images  we  are  speaking  of 
impressions  of  past  events  registered  in  tho  brain,  and  which  gain 
'Che  pov.*er  of  drawing  U|K>n  thenitM^vcs  the  attention  of  the  mind,  cither 
_*-y  their  assuming  an  unwonteil  intensity,  or  by  tho  diminution  of  the  ij 
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UtMiMcf  In* 


fiaenoe  of  newly-arriving  sensationd.  tiian  the  pbilosc 
obscrvatioiiB  wliich  have  been  made  by  some  p1"  those  wht 
KriM^neKu^  hare  bccn  lUWe  to  IhcM  infinnilics  on  ibcir  own  casei. 
^M4tki<ir     Tints  in  sucli  a  cnae  recorded  in  Nichotflon'ti  PhiLosopluat 
"""f^'^'        Jounud,  and  alluded  to  by  Dr.  Ilibbert :  "  I  bad  a  Tint." 

said  the  patient,  "  from  Dr.  C ,  to  whom,  among  other  remarks,  I  oV 

served  that  I  then  enjoyed  the  satisfaction  of  having  cultirated  my  mor- 
al habits,  aitil  partieuhirly  in  Jiavuig  always  endeavored  to  avoid  being 
the  nlave  ut'frar.  '  I  think,'  said  1,  *that  t^is  in  the  breaking  up  oflk 
system,  and  that  it  is  now  in  progress  to  speedy  ileeitrQction.  In  ilit^ 
state,  wlicn  the  senses  Iiave  become  contused,  and  no  longer  tell  nw  iw 
(nith,  ihey  still  present  rac  with  pleasing  fictions,  and  my  suiFcrin^  aic 
iiiiligiited  by  that  ndnincss  which  allows  me  to  lind  amu-^empjit  in  «blt 
are  probably  tlie  concluding  scojiea  of  life-'  I  give  these  sclf-congntol** 
tioiis  M'ithout  scrupK*,  iiioru  ]>articularly  liecause  they  led  to  an  obeern* 
tion  of  (net  whieh  dcwirvcs  notice.  When  tlie  doctor  left  me,  my  leki* 
cd  attention  turned  to  the  phantasms,  and  some  lime  aflerward^  inslcul 
dt  a  pleasing  face,  a  visage  of  extreme  lago  appeared,  which  presented  i 
gan  at  mc,  and  made  me  start ;  bnt  it  remaiood  the  nsnal  time,  and  llirn 
gradually  faded  away.  This  immediately  showed  me  the  probabilbjuf 
itome  connection  lietween  my  thoughts  and  these  images,  for  I  aioiW  '| 
the  angry  phantasm  to  the  general  reilM:tion  2  Iiad  formed  in  convetrt- 

tion  with  Dr.  C .      I  recollected  some  disquisitions  of  Locke,  m  hit 

treatise  on  the  C^uluct  of  the  jllind,  where  he  endeavors  to  acoooBtlbl 
the  ap|>cjinmce  of  &oes  to  jiersona  of  nervous  habits.     It  sceitinl  to  me 
us  if  I'ari'A  in  all  their  modiHrjktions,  Wing  so  associated  with  ourncol- 
lections  of  the  afTcctioni*  of  imssions,  would  be  most  likely  to  offer  tlion*    '| 
selves  in  delirium ;  but  I  now  thonght  it  probable  that  other  objvb 
coold  be  seen,  if  previously  meditated  upon.     With  this  motive  it  w 
tliat  I  reflected  u^wn  landscapes  and  scenes  of  architectural  grsixlw 
while  the  faces  were  fiasbing  before  mc,  and  after  a  oom^idcrablc  intd^i^ 
of  timi',  of  wliicli  I  can  fonn  no  precise  judgment,  a  rurul  scene  of  hi^ 
valleys,  and  IJelds  appeared  befoi'B  me,  wiiich  was  succeeded  by  anotB^ 
and  another  in  ceaseless  succession,  the  manner  and  times  of  their  resp*^ 
ire  appearance,  duration,  and  vanishing  being  not  sensilily  dilTerent  fc^ 
that  of  the  fact"?.     jV^II  the  scenes  m-cic  calm  and  still,  without  any  st*^^"' 
light  or  glare,  and  dcUghtlully  calculated  to  inspire  notions  of  retiren*      . 
<^  tranquillity,  and  happy  meditation."     Tlie  same  writer  adds  in  aii-^^ 
er  pUoe,  *'  The  figores  returned,  but  now  they  consisted  either  of  ho^^^ 
Ot  paiduuonts,  or  papers  containing  printed  matter.     ]  do  not  k^^ 
whethiT  I  read  any  of  them,  but  am  at  present  inclttKd  to  think  that  c^^ 
were  not  either  distinctly  legible,  or  did  not  remain  a  sufficient  lime      "* 
fore  tlicy  \'anishcd,     1  was  now  so  well  aware  of  the  couiUKtioQ  of  tliot?^^^ 
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with  tlirir  appoarancRB,  that,  by  fixitig-  my  miml  on  ihfi  cnnsidoration  of 
manuscript  instwitl  oi"piintc<J  type,  the  papc-r  apptmrctl,  after  a  lime,  only 
with  manuscript  writing ;  and  atVcrward,  by  the  sanie  process,  instead  ol' 
being  erect,  thty  were  all  iuvertcj,  or  appeared  upside  down." 

We  can  not  fail  to  remark  the  cJoac  reaeniblancc  between  these  iUa- 
sions,  arising  from  a  fixQiI  meditation  on  recollected  scenery,  j;,^^^^  ,.  , 
and  the  phantoms  which  ore  witneased  after  our  gaze  han  i»tioi)Dfp]iM- 
beeii  ulcadily  directed  to  some  brightly -ill  uniinatwJ  object,  '*""*■ 
as  a  nindow,  when  wu  Bn^t  awake.  In  Initli  tlicre  is  the  same  subdued 
and  nncertoin  brilliancy  of  effect ;  in  both  the  same  gradual  fading  away ; 
in  both  the  mind  doea  not  refer  the  image  it  contemplates  to  an  inward 
point  or  place,  but  sets  Jt  forth  outwardly,  projecting  it  into  the  empty 
or  occupied  region  beyond.  In  inverse  a&  in  ordinary  vision,  the  law  of 
the  line  of  vli^ible  direction  is  enforced,  and  this  reference  of  cerebral  im- 
ages to  a  detinite  point  in  outer  space  is  a  phenomenon  of  the  same  kind 
as  the  ap))carance  of  the  invisible  coin  on  poimng  water  into  a  basin,  Ihc 
lifting  of  filiipa  into  the  air  by  atmospheric  refraction,  tlio  appearance  of 
the  sun  and  moon  everj*  day  above  the  h^trizoii  before  they  have  nciu- 
aliy  risen  and  after  they  have  set,  and  many  other  optical  Ulusions  that 
might  be  meniioncd. 

Physiology,  though  fall  of  tclcological  i'luAtration.s — llkat  is,  examples 
of  the  use  of  means  for  the  accomplislunent  of  an  end — has  _  „ 
none  more  worthy  of  our  considci'ation  thou  this  of  inverse  ni<:i'hdni»m  i»n- 
viaiom  ileti  in  every  part  of  tiic  world,  evc-n  among  na-  ,'i','"il'',i,^''j|^" 
lions  the  most  abject  and  barbarous,  have  an  abiding  faitli  mortality  of  du^ 
not  only  in  tlie  existence  of  a  spirit  that  animates  us,  but 
also  in  its  immortality.  (>f  these  there  arc  multitudes  who  have  been 
shut  out  from  all  communion  with  civilized  countries,  who  have  never 
been  enlightened  by  revehition,  and  who  are  mentally  incapable  of  rea- 
soning out  for  themselves  arguments  in  supjMjrt  of  those  great  trutlis. 
Under  such  circumstances,  it  is  not  very  likely  tliat  the  uncertainties  of 
tradition  dcj-Jved  firom  remote  ages  could  be  any  guide  to  tbem,  for  tra- 
ditions soon  disa|;|)ear  excc-pt  lliey  be  eoiinccted  with  the  wants  of  daily 
life.  Can  there  be,  in  a  philosopliicai  view,  any  thing  mure  interesting 
than  the  maimer  in  which  these  defects  have  been  pro\'ided  for,  by  im- 
planting in  th«r  very  organixalion  of  every  man  the  means  of  constantly 
admonishing  him  of  these  facts,  of  rcc-slling  them  with  an  unexpected 
vividncas  bcl'ore  him,  even  after  they  have  become  so  faint  as  almost  to 
die  outi*  i^t  him  be  as  dcbjsi^d  and  benighted  m  sav^e  as  he  may, 
shut  out  from  idl  eonimuniun  with  races  whom  Providence  lias  placed  in 
Iiappicr  circumstances,  he  has  still  the  same  organization,  and  is  liable  to 
the  same  physiological  incidents  as  ourselves.  Like  us,  he  sees  in  his 
visions  the  fading  fonns  of  landscapes,  which  are,  perhaps,  connected  wiUi 
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some  ot'  Iijs  mo^t  grateful  recoUectioiis ;  and  what  other  cAndiiiiioR  Ctt 
he  jiossibly  derive  iroiii  these  unreal  pictures  t]iau  that  they  are  the  Jbn> 
shadiiwings  of  onothiu-  land  beyond  that  in  which  his  lot  is  cast?  Lib 
OS,  hu  is  visited  at  inii>n-al9  by  tlie  rcsembUnceB  of  thoM  wliom  hehu 
loved  or  hntcMl  while  tliey  were  alive ;  nor  can  he  ever  be  so  brntahzeil4* 
not  to  discern  in  each  mani&statioDB  Btiggestions  wfuch  to  hitn  an  in- 
contiovcrtibJc  proofs  of  the  existence  and  immortality  of  the  «ouL  Even 
in  the  most  retini-d  social  conditiooti  wc  arc  novcr  able  to  shake  oflfllie 
impression  of  these  occurrences,  and  are  perpetually  drawing  ftiaa  tbea 
(he  aame  conclusions  as  did  our  uncivilized  anceeton.  Oar  more  ele- 
vated condition  of  life  in  no  respect  relieves  us  &oro  tlie  inevitable  on- 
Bcquences  of  our  own  organization  any  mure  than  it  relieves  us  fren  in* 
firniiliea  and  disease.  la  these  respects,  all  ovvr  the  globe,  we  an  on  a 
oqiudily.  Savage  cr  civilized,  wo  carry  about  within  us  a  nmchanisn  in* 
tended  to  present  us  with  mementoes  of  the  most  solemn  facts  with  vldcli 
wc  can  be  ooncertLed,  and  the  voice  of  history  tells  us  that  it  has  ever  been 
true  to  its  design.  It  wants  only  momcntsof  repose  or  of  sickness,  wben 
the  iiiHuence  of  external  things  is  diminished,  to  come  into  full  plaj.ttii 
these  are  precisely  the  moments  when  we  are  best  prepared  for  tbe  tniki 
it  is  going  to  suggest.  tSuch  a  mechanism  is  in  keeping  nith  the  ttuo- 
ner  in  which  the  course  of  nature  is  lulfilled,  and  bears  in  its  very  ctjln 
the  impress  of  invariability  of  action.  It  is  no  respecter  of  persoDS.  It 
neither  |)ennits  the  haughtiest  to  be  free  from  the  monitio&B,  nor  ks^t* 
the  hnniblesc  tvitliout  ttic  consolation  of  a  knowledge  of  another  U»- 
liiable  to  no  mischances,  open  to  no  opportuuities  of  being  tampered  ^^ 
by  the  designing  or  interested,  re^tuiring  no  extianeoos  bimuui  i^eocy  ^ 
its  effect,  but  always  present  with  each  man,  wherever  he  may  go^  *j 
toarveloualy  extracts  from  vestiges  of  the  impzcsaious  ol*  the  past  o^c 
whelming  proofe  of  the  reality  of  the  future,  and,  gathering  its  power  fJ" 
what  would  seem  to  lie  a  most  unlikely  source,  it  insensibly  leads 
110  matter  who  or  wlicrc  we  may  be,  to  a  profound  belief  in  the  iromi^*^ 
and  im|)eriflliable,  liom  phantoms  wliicb  have  scarcely  made  their  app-^^**" 
ance  before  they  are  ready  to  vanish  away- 

It  is  scarcely  necessary  for  me  to  do  more  than  barely  refer  to  the  "^ 
sertions  of  those  who  would  have  it  liclieveii  that  they  look  upon 
these  appearanooa  aa  Mictions  and  deliberate  impostures.  Wliat  is  to 
come  of  all  history  if  such  a  doctrine  could  be  maintained  ?  Human 
idencc  most  be  regarded  as  utterly  worthies*.  Moreover,  no  one  de*'**- 
the  esisit^nce  of  dreams,  and  the  phenomena  we  have  been  here  treat*"? 
ot'  ate  philosophically  of  the  same  order. 
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CH.\PTER  XXn. 

OF  TOUCH,  AND  THE  DETERMINATION  OF  PRBSSURES  AND  TEMPERA- 

TfttES. 


mive  Piijitioipgy  of  To-cA. — A'Mimol?  qf/thfticai  QMaiMn. 
Ptrrtptiov  of  Tnmfirrvltirr.—Sutijtrtif  ^mMEitMnu  of  TnofKrattm. 


-Qrmpar' 


TiiK  tactile  organ  ia  the  Bkin,  or  eome  part,  modification,  or  append- 
ix of  it.     The  general  fuiicliona  of  tin;  skin  have  l«?f.ii  al-  funciiofwor 
.r^y  described.     It  remains  to  iipeak  ot"  it  in  connection  with  'jl^ej^'tan. 
Bense  of  touch. 

An  impression  lias  long  prevailod  among  physiologists  that  this  sense 
should  be  considered  as  offering  several  mibdivisions.  Tims,  for  in- 
etaoce,  we  liave  a  coneciougneHs  of  the  general  condition  of  the  umacular 
ej^stem — muscular  seiise,  sa  it  might  be  termed — and  tlii»,  in  some  cactei^. 
is  exqai&itely  perfect,  as  may  be  gathered  from  what  has  been  said  re> 
garding  the  tensor  tympani  and  Btapedius  musclei^  in  the  chapter  on 
hearing.  Distinct  from  this  is  our  appreciation  of  pain  or  plpftsure,  and 
so  alfto  our  estimation  of  temperatures.  Adclon  hns  inder^  maintained 
that  the  cognizance  of  temperatures  is  the  primary  or  chief  functioil  of 
this  sense.  Il  will  be  sufficient,  however,  for  our  purpose,  leaving  out 
these  minor  subdi visions,  to  direct  our  attention  to  the  more  important, 
and  to  consider  the  tactile  organ  as  devoted  to  twg  usee :  let,  the  appre- 
ciation of  pressures:  2d,  of  iomperatm-es.  Pressures  doubtless  act  upon 
the  fikiii  ill  a  purely  mechanical  way  :  temperatures  operate  by  inducing 
a  variatictii  in  the  rate  of  waste  and  iiutritii>u.  At  a  certain  ]ioinl,  ev^n 
this  distinction  ceases,  for  pressures,  wlien  they  reach  a  sufficient  intcnai- 
ty,  intcrtcre  with  the  supply  of  arterial  blood  or  the  removal  of  venous, 
and  ilirrehy  change  the  rate  of  nutrition  and  wasto,  acting,  as  tar  as- 
thii4  gdcs,  in  a  manner  not  unlike  that  of  the  variations  of  temperature. 

Li  man,  the  skiu  possesses  tactility  to  a  diiferent  degree  iu  ditlerent 
regions.  On  the  tips  of  tlie  lingers  and  on  the  lips  the  sen-  ^^  j^^  .  _ 
sory  ]ierception  is  most  acute,  while  it  ia  at  a  minimum  on  rnvaa>  in  u«- 
the  trunk  and  thigh.  In  other  mammals,  wliich  are  covered  "  ^^' 
with  Imir  or  wool,  the  sense  of  touch  is  much  more  restricted.  Its 
proper  oi^an  is  to  be  regarded  as  aritting  &om  a  conccntralioti  of  general 
sensibility  of  the  skin  upon  a  8|M!cial  constnictinn,  the  papillary  body, 
as  it  is  termed.     Tbo  organs  of  >'iston  and  hearing  consist  easentially  of 
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two  portions,  a  rcoaving  and  a  nervous,  the  formei  leing  oonstraetej  «n 
tlie  [)rtucipleB  of  optica  in  the  one  case,  and  of  acoiutica  in  the  other.  A 
similar  doubleness  of  stractur«  may  be  rccoignized  in  the  instance  mm 
before  us,  though  with  a  diflerpQcv  of  efiTccU  for  in  those  cases  the  outer 
or  receiring  organ  is  for  the  purpose  of  more  powerful!/  coDcentndiig 
the  inHuen(%  recoivod,  but  in  touch  il  is  the  reverse.  Tbie  office  of  the 
cuticle,  which  covers  over  tlio  true  skin,  is  to  render  it  leas  Bcnfiitire  to 
external  impressions,  and  for  this  reason,  therefore^  it  varies  in  lliid- 
nese  in  diH'ercnt  regions,  being  less  developed  on  those  portions  that  an 
more  particularlr  devoted  to  tactile  senmhilitj.  Considering  the  haad, 
8i»wsw»o*or-  <"■'  I'^^i'l'np''.  more  correctly,  tlic  tips  of  the  fingers,  as  being 
fmofiwicfa.  chieriy  devoted  to  Uie  purj>oge8  of  touch,  no  cwislrciciioi 
could  be  conceived  of  better  adapted  to  tliat  end.  Placed  at  the  extrtn- 
ily  of  the  arm,  a  lover  uhich  is  jointed  at  its  middle,  iLo  elbow,  and  ibe 
fore  part  of  whicli  has  a  motion  of  partial  rotation,  pronation,  and  soptna- 
tion  upon  its  own  axis,  the  hand  being  earned  so  that  its  palm  pnisenis 
npward  or  downward,  or  in  any  of  the  intermediate  positions  inelniW  to 
the  half-circular  motion — jointed  again  by  the  bones  of  the  wrist,  so  as 
to  obtain  a  hinge-ltke  movement,  the  hand  may  1w  flexed  or  exteuU 
almost  180  degrees  upon  Ihc  forearm.  Its  botiy  structure,  suMividel 
into  suitable  pieces,  is  clothed  with  a  multitude  of  muscle?  or  thciiltfi>- 
dona.  In  the  &igers  and  tliumb  the  structure  breaks  up  into  Brc  scfh 
arato  pieces,  posseaseil  of  an  incredible  tinnncss  when  wc  consider  ibe 
niunbcrless  motions  which  can  Iw  accomplished.  The  position  and  a^ 
ticnhtion  of  ttie  thumb,  which  enables  it  to  set  itself  in  oppoution  to 
the  other  four  digits,  a  feature  which  cotistitule^  a  hand,  properly  spttk* 
ing,  gives  tlio  power  of  gTas]iing  things  perfectly,  and  makes  the  whoh 
organ  a  perfect  mcclianism  of  ptrhctision.  The  papillary  structnrtt. ' 
veioped  in  its  utmost  rehnement  on  tite  tips  of  the  hugcrs,  and  fottifidJ 
behind  by  tho  nails,  whicti  present  moderate  resistance  to  {n-casuies,  < 
pletes  tliis  contrivance,  whicit,  from  its  perfect  adaptation  to  the  bmsU 
which  it  is  devoted,  its  power,  its  deJicac}-,  and  tho  infinite  movemoA* 
which  it  can  accomplisii,  is  not  surpasaed  as  an  example  of  the  Ai^sp<** 
tion  of  means  for  the  accomplishment  of  an  end  by  any  other  structi 
of  the  boily.  There  have  been  authors  who  have  asserted  that  llie 
periority  of  man  over  other  animals  may  be  entirely  accounted  for  by 
possession  of  a  hand — a  statement  whicli,  though  it  can  not  be  m( 
tained  in  its  generality,  is  yet  a  very  good  proof  of  the  a}ipreciatioi* 
which  this  wonderful  instrtimcnt  is  held  by  those  who  have  studied 
construction  and  functions  most  closely. 

Between  tlie  indications  that  have  to  be  dealt  with  by  the  Itaad 
an  oigan  of  touch,  and  thooc  dealt  with  by  thn  eye  and  ear,  thoie  i» 
essential  dificrenc«.     The  eye,  for  example,  receives  tht-  piclunee  of 
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temal  objects  npon  a  surface,  but  tUe  hand  exaniincs  tlic  so-  «  .  ^ 
Udity  of  bodies.  The  former  is  occupied  mtli  length  and  of  wUdit)' by 
breadlh ;  llie  Uitter  with  all  three  dimensions,  length,  breadth,  "  "" 
and  thickness  conjoiutlr.  Our  notions  of  solidity  arc  to  no  little  extent 
obtained  in  this  way,  as  was  proved  in  the.  cose  of  Ciiciichlcn'K  patient, 
who  liad  l^ecji  bliiul  from  birtli,  and  to  wliom  vision  was  given  by  »  suc- 
cessful upemtioii  for  cataract,  and  still  more  recently  by  n  simihu'  case 
of  Kranz.  In  this  instance,  "a  solid  cube  and  a  aplicre,  each  of  four 
inchcA  diameter,  were  placed  licforc  the  patient,  at  the  distance  of  three 
feet,  and  on  a  level  with  the  eye.  After  attentively  examining  these 
bodies,  he  said  he  saw  a  quadrangular  and  a  circular  iigure,  and,  after 
some  consideration,  he  pronounced  the  one  a  si^uRre  and  the  other  a  disk. 
His  eye  being  then  closed,  thti  cube  was  taken  away,  and  a  disk  of  equal 
siiie  substituted,  and  placed  next  to  the  sphere.  C>n  again  opening  hi.-t 
eye,  he  ohsen'cd  no  difference  in  these  objects,  hut  regarded  them  both 
as  disks.  The  solid  cube  was  now  placed  in  a  somewhat  obliqne  posi- 
tion before  the  eye,  and,  close  beside  it,  a  figure  cut  out  of  pasteboard, 
representing  a  plain  outline  prospect  of  the  cube  when  in  this  position: 
both  objects  he  took  to  be  somewhat  like  n  flat  qiuulratc.  A  pyramid 
placed  before  him,  with  one  of  its  sides  tiimed  toward  his  eye.  he  i*avr  as 
a  plain  triangle.  Tiiis  obj'Cct  was  now  turned  a  little,  so  as  to  present 
two  uf  its  sides  to  view,  but  ratlicr  more  of  one  side  than  of  the  other: 
after  considering  and  examining  it  for  a  long  tiuic,  he  said  that  thin  was 
a  very  extroordinan'  Bgure ;  it  was  neither  a  trianglo.  nor  a  quadran^c, 
nor  a  circle — he  lud  no  idea  of  it,  and  could  not  describe  it:  'in  tact,* 
said  he, '  I  must  give  it  up.*  An  example  of  the  close  association  which 
exists  between  the  sense  of  touch  and  that  of  sight,  in  cjiabling  the  mind 
to  form  a  correct  idea  of  an  object,  is  afforded  in  the  statement  of  this 
patient,  that,  although  by  the  sense  of  sight  he  oould  detect  a  difference 
in  the  cube  and  sphere,  and  perceive  that  they  were  not  drawings,  yet 
he  could  nut  furm  from  them  the  idea  of  a  square  and  a  disk  until  be 
perceived  a  sensation  of  what  lie  saw  in  the  points  of  his  lingers  aa  if  he 
really  touched  the  objects.  When  he  took  tlic  Hpherc,  cube,  and  pyra- 
mid into  his  hand,  ho  was  astonished  tlmt  lie  had  not  reci>gni/,i*d  (hum  ns 
such  by  sight,  being  well  acquainted  with  tlicm  by  touch." 

The  mechanism  for  touch,  as  distinguwhod  from  the  general  dermoid 
aensihility,  is  the  papillae,  which  may  be  described  as  conical  j;,„,^[„r^^r 
eminences  on  the  cutis,  at  once  solid  and  flexible,  sometimes  papniBoT 
clavnte  in  form,  and  sometimes  having  numerous  points.  They 
are  about  the  -y^  of  an  inch  in  height,  and  the  -^^  of  an  inch  in  diam- 
eter at  their  base,  those  dimensions  varying,  however,  very  greatly  with 
the  situation.  They  contain  a  loop  of  lilooii-vpssela  and  a  tnig  of  a 
sensory  nerve,  for  all  the  centripetal  nerves,  with  the  exooption  of  those 
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Jevoted  1o  tlie  special  i»cn»ftfl,  may  be  regarded  as  conrprnod  in  ihis  fanc- 
CioD.  The  papilla:  conuin  an  elastic  gubgtance— axilr  body,  as  il  is  tenn- 
ed— which  sones  to  heighten  the  sense,  and  the  yielding  Rtrocture  of  tlw 
akin  aids  in  ihe  same  ctlLCt.  The  papilla*  an  covered  over  Mrith  the  oui- 
clc  thi-nugli  wbiclu  ihcrHbre,  all  i%.9a 

iiction  on  tbcm  mnat  uikn  jilace.  > 


mm. 


/  iV/.  20H  (Todd  and  ilowman)  reproacnts  siniple  papilla  or  ihc  ptlm. 
the  cuticle  having  been  detachi^d.  /^ig.  204  (Kolliker).  compound  jajril- 
lu<,  with  two,  thn^  or  four  points:  <?,  hast-  ofn  papilU;  ft.  fi,  f>,  ■scpanli 
procc38C8 ;  c,  f,  c,  processes  of  papUU'  whose  bases  are  not  visible.       | 

The  mode  in  which  the  nerve  fibre  tcrminntes  in  the  papilla  i.^  UT«t 
rba  I'acuiUn  doiibtful,  soine  asserting  that  it  i?  arranged  us  a  reluming 
'••^'^  loop,  and  some  that  it  is  by  a  pointed  extremi^.     Thisti**] 

ter  mode  Is  tlioiight  to  be  illiutratcil  by  the  structure  of  Ihc  bodies  ttrnh'i 
ed  Pacinian,  which  are  ovoid  in  fomi.  -^to  ^  of  an  inch  in  leti^li.  ^tii 
^  in  breadth,  and  attached  by  a  pedicle  to  many  of  the  cerebro-^'ioal 
nnd  siiTnpat hetic  nerve  brandies.     Kaeh  consists  of  ninnv  conowiini' 
membranous  layers,  arranged  like  the  coats  of  an  onion,  the  inteiioronB 
closer  than  the  exterior.     Tltey  have  a  central  cavity,  distended  bfi 
Huid,  which  also  inter^-enes  between  the  coals.     Across  tliis  caviir.  "fi 
occupying  exactly  its  axis,  a  nervo  Jibre,  which  has  cast  oli'  its  whiBJ 
flheatli,  passes,  terminating  at  the  other  end  either  in  brunches  or  a  ksiA' ' 
The  D5e  of  these  bodies  is  wholly  unknown,  and  even  their  atnirture  is  I 
doubttul,  the  cxistcnco  of  the  central  liquid  reJcrred  to  being  denied  brj 
some  anatomist!). 

The  ftensitiveness  of  a  part  iB  in  proportion  to  the  number  of  pipiU* 
TV  nMnitii-f-  '*  contains.  Tallies  have  l)e«n  conslnicted  setting  fi:*th^* 
MM  of  dirftr-  relations  of  different  regions,  as  determined  by  pladngap*^ 
«Bi  roniw**.  ^j-  (^n,p(j8geg^  t],g  points  of  which  were  eovcr«l  with  corfc,"" 
the  parts  to  be  tcied,  the  eyes  being  shut,  and  cloBing  the  compasaet 'OO' 
til  the  pieces  of  cork  could  no  lon^i^er  lie  distinguished  as  Beparattii  ^' 
appears  that  this  wHll  tjtkc  plaee  on  the  tip  of  the  tongue  when  the  poin* 
arc  the  ^L  of  an  inpf,  apart :  on  the  tip  of  tlw  third  phaUnx,  at  the 
of  an  inch :  on  the  lips,  the  one  sixth  of  an  inch  ;  tip  of  the  great 
half  an  inch:  the  lower  part  of  the  occiput^  1  inch:  and  on  tba  nod' 
of  the  thigh.  2^  inches. 

>'o  pari  of  the  skin  is  entirely  devoid  of  aensitiveneBS,  as  Kolliker 


NERVES  OP  THE   PAPILLA 


431 


m  by  examliiationa  willi  a  fine  needle.      At  first  he  ,, 

...     Kverjr  pan  of 

Ight  he  liad  foiind  some  places  which  were  quite  insensi-  it>o  tkiii  b  ho- 
ble,  while  in  others  the  ahgUtest  touch  produced  sensation;  "^  ''*' 
but  on  carrj'iDg  the  invesrigatioii  larther.  it  appeared  that  the  very  eanie 
place  was  Homctimes  si'nsibh:  and  sometimes  not,  so  that  tinall}'  he  caine 
CO  tlic  conclusion  tliat  tlic  very  smallest  jKirtions  of  ttie  skin  arc  sensi- 
tive. But  since,  even  in  the  palm  ol'  the  hand,  the  papUlie  containing 
ncn'cs  arc  widely  diRperscd,  and  in  other  places  occur  but  rarely,  or 
even  not  at  all,  he  inters  lliat  it  is  necessary  to  assume  the  existence  ol' 
iion-medullatcd  litres  in  all  the  papillu;,  or  to  have  recourse  to  the  nerv- 
ous plexus  at  their  hof-i;,  since  he  believes  It  Is  nut  possible  to  demon- 
strate nerves  in  ever}'  one  of  those  bodies. 

The  nerves  eupplytng  the  ]»ipUke  may  perhaps  be  said  to  ascend 
llirongh  the  culi^i,  continnidly  liriini*King,  and  forming  i-vrntu-  pjpuian 
ally  IcnniiiaJ  plexuses.  The  primitive  tubules  tliemaelvcs  di-  "«■»■'»■ 
viding  at  an  acute  angle  into  two,  and  entering  the  papillrc,  they  are 
united  at  their  extremities  in  a  loop.  Of  course,  this  conatrnction  in- 
volves the  fact  that  they  liavc  freed  themselves  from  the  white  substance 
of  Schwann.  The  impression  made  on  these  exposed  ner\ou8  fibrils  is 
by  many  rt-garded  as  of  a  purely  mechanical  kind.  Tlicy  may  be  aftect- 
ed  not  merely  by  vertical  pressures,  but  likewise  by  those  exerted  in  the 
direction  of  the  plafje  of  the  akin,  and  this  accounts  for  tactile  sensalion 
on  portions  of  that  surface  which  are  either  sparscty  or  not  at  all  sup- ' 
plieil  with  nerve  fibrils.  Tn  this  effect  the  unyielding  and  horny  texture 
of  the  cuticle  doubtless  contributes. 

No  papillae  arc  found  in  invertebrate  animals.  Among  Tcrtcbratca 
they  are  variously  disposed.  In  liKards  ihcy  occur  under  to„h,  in  otUrr 
the  toes  ;  in  the  chameleon,  and  some  of  the  ant-eaters,  wliieli  ''""''r«i«. 
use  their  tails  for  tactile  purposes,  they  are  found  upon  tliat  organ.  In 
the  spring  season  of  the  year  they  are  temporarily  developed  on  the  thumb 
of  tlic  frog.  Among  birds  they  are  found  ujwu  the  toes,  or,  if  wcb-foot- 
ed,  upon  the  web  ;  m  the  mote  on  tho  tip  ot'lhc  snout.  In  the  lapir  and 
elephant  they  occur  upon  the  tntnk  ;  among  tho  quadnimana,  on  the 
hands  and  teet^  and  in  some  also  upon  the  tail.  The  whiskers  of  the  cat, 
the  rat,  the  rabbit,  may  be  regarded  as  appendages  to  the  tactile  organs, 
enabling  tlicm  to  find  their  way  through  narrow  passages  in  the  dark. 
Among  articulata  the  anteiuta-  Lave  doubtless,  with  their  otiier  functions, 
a  similar  use.  Men  who  have  become  blind  often  guide  ihetr  steps  by 
means  of  a  stick.  Judging  from  the  sensations  which  its  conlaet  with  sur- 
rounding 1>odics  imparts  to  tlio  lutnd:  it  is  in  oil  respects  a  temporary 
antenna. 

Our  estimates  of  the  hardness  and  softness,  roughness  and  smoothness 
of  bodica,  is  primarily  de|>€ndcnt  on  indications  derived  from  the  sense 
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Bitiatuof  ^  lOttcfa.  We  elioiiUl  make  a  duUnction,  howev«r, « 
I*y*="Jl"^  ilagendie,  lwtwc«ii  feeling  ami  toauliiiig.  the  fonuut  bciug 
eaeentially  pasei^'e,  tliu  latter  active;  anti  Ihoagli  we  a»- 
t»Mq  (MUnfi  ""y  suppose  that,  ot'  all  our  eeuees,  touch  is  the  nwet  let 
udtooehin^.  able,  it  often  conveys  to  the  mind  illujicrr)'  impreasioiia,  u 
for  instance,  in  iho  veil-known  experiment  of  Aristotle,  when  the  li{n  o( 
tlie  fingers  are  crossed  o\Tr  each  otlicr,  and  a  |M-a  rolled  beneath  ihcm,  it 
seems  as  if  thero  were  two  pcii»,  one  under  each  linger.  The  indinOcnf 
of  touch  ore  generally  more  correct  than  thoN;  uf  feeling.  Thus,  if  n 
close  our  oyc«,  and  auotlier  person  moves  tliu  tip  of  our  finger  omm 
unknown  surfwe,  ho  can  completely  deceive  us  by  duly  varying  the  \n» 
ure^  and  make  as  believe  that  it  ih  concave  or  convex,  wliercud  it  intv  le 
flat ;  bat  if  we  pass  oar  fingers  over  the  sarfaoc  ourselves,  we  vciy  qiick- 
ly  come  to  a  true  conclusion,  because  now  we  are  oonsdons  of  the  csa<- 
tioa  of  moscular  power ;  aiid  from  what  has  been  said  respecting  bearing. 
we  may  infer  how  delicate  our  estimate  of  muscular  ejccrtitm  is.  Tk 
fbnner  irthereforc  an  example  of  feeling,  the  latter  of  toucli. 

Connected  with  this  distinction  aru  the  tiingular  phenomena  of  tick- 
ling; the  regions  most  readily  aJlbcted  by  this  are  tlioseofb* 
tactile  eensibility.  A  jwrsou  can  not  tickle  him.iclf,  tbavgii  il 
is  said  that  cases  arc  upon  record  in  which  one  ha5  been  tickled  to  i^ 
by  another.  Aa  in  the  other  ca««s,  the  mind  can  di|ect  attention  exeiv- 
'  sirely,  for  the  time  being,  to  some  one  iudicatiou  of  touch,  which.  tliQogB 
it  may  be  apparently  iusigniticant  in  itself,  becomes^  after  a  while,  pc^ 
tectly  intolerable,  as  the  presjiure  of  a  hair,  a  gentle  draught,  or  the  ti^ 
Keauditi  ofim-  ^'^  °^  water,  drop  by  drop,  on  the  top  of  the  head ;  aod.  tt 
pKuUinft.  ^piti,  them,  an  impression  which  is  made  does  not  inatanli- 
neoosly  disappear,  but  will  somctinie»  continue  for  quite  a  considcnlil' 
time-  A  ring  or  other  article  that  tuts  been  long  worn  will  leave  a  we* 
sation,  though  it  may  have  been  removed. 

Besides  afibrding  an  estimate  of  external  pressures,  the  sensory  of]^ 
enables  us  to  discover  variations  of  temperature^  It  may  iheie&m  ^ 
thus  effected  by  bodies  upon  contact  or  by  bodies  at  a  distaitce:  ud 
PwnTiion  uf  though  We  Usually  confound  the  two  indications  Ic^lieit 
MBptnun     there  is,  in  reality,  a  distinction  between  them  ;  thus,  im*'' 

UM [net  from  -  i-  ■  ^  .  ■  J 

tiMt«rpnM>  tain  conditions  of  paralysis,  the  mdications  of  the  conudw 
"*•  bodies  may  remain,  but  those  of  heat  and  cold  may  hart  »■ 

tally  disapjieared.  On  examining  a  sniiacc  Aom  which  the  skio  lui 
been  removed,  it  docs  not  appear  capable  of  disttnguishiog  hot  frvm  tdi 
bodies,  but  only  communicates  to  the  mind  an  indefinite  eeiiMtioa  "^ 
l^unrboKi  pain;  nor  can  wo  create  sensations  of  heat  or  cold  byiBvii' 
wf-riliTi^.  ritation  of  the  nerves.  The  uiwiHure  of  temperature  hr  tl* 
itcuUr.  agency  of  the  skin  is  very  far  from  being  exa<;t,  as  hus  U^ 
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proved  hy  the  aimple  experiment  of  dipping  tho  finger  into  verjr  wann 
water,  and  tlinn  the  whole  band  into  water  many  degrees  cooler.     The 
iucTeased  extent  of  nur&cc  seems  to  ovcrcoinpcnBato  for  tlic  t,      ,i       . 
lower  temperature,  and  we  come  to  the  erroneous  conclusion  die  u^hk  of 
that  the  cooler  epecimcn  is  tlie  wnnimr  of  tlie  two  sarapleii.     '° 

As  sounds  may  Xx  heard  wliich  have  no  reality,  but  merely  ori^nate 
in  the  brain,  or  B|HK:tral  illusions  may  bo  Been,  ao  tlie  sense  Hniijwtire  turn, 
of  touch  ia  subject  to  simihir  Imllucinalions,  as  a  Hensaiion  "ij^'u^p^'' 
of  pxeaaure  or  weiglit,  or  the  crawling  of  insects  on  the  skin ;  tuw. 
and  though  we  can  not,  by  artificial  irritation  of  the  noT\'CS,  give  rise  to 
impressions  of  heat  and  cold,  those  electa  very  finetj^uently  occur  in  tliie 
interior  or  suljective  way. 


CHAPTEll  XXIII. 

OF  SMELLING.  AND  THE  lUEAXS  OF  msTISOnSHDiG  OASEOQS  AND  VA- 
POROUS SUBSTANt*E8. 

Sm'ttarttiflU0r^<m<ifSmU.—Ittf>ii^>eehitnmaitthtF&nI\ir^l^ru*.~tjma4d  Re- 
gion 0/  Smt&—Oj»dilioM»  <^' iti  perfect  ActioH.—DimitiiM  ^  Oikn.—7%eir  Laca&tatiM.— 
Suijeetivt  Othrt. 

By  the  sense  of  snioll  wo  nre  ahlc  to  distin^'uisli  many  gaseous  and 
vaporous  substances  from  one  another.  They  enter  the  noa-  g^  -f  «Mti 
trila  with  the  respiratory  current,  and  are  brought  in  con-  ro*  guMMd 
tact  with  the  olfoctory  or  Schneiderian  membrane.  Though  "P""' 
received  at  first  in  the  cJastir  state,  thoy  bccomo  dissolve*!  in  the  niucus 
wltich  moistens  tliat  mcmbrAnc.  It  does  not  follow,  however,  that  idl 
vaporooa  substances  give  rise  to  tlie  perception  of  an  odor ;  for  example, 
water  itself  oomnmiiicatea  no  sensation  whatever.  Again,  there  arc  other 
bodies,  as,  for  instance,  musk,  which  yield  an  odor  far  juore  Dathacyofihlt 
[jowerful  than  corresiwnds  to  their  loss  of  weight.  Thus  it  pMw|.ci«n. 
is  said  that  thai  subiilanee  may  bu  expused  for  years  in  an  apartment,  dif- 
fusing all  the  time  it.'t  jH-nelrating  emanations,  and  yet  not  becoming 
lighter.  Such  statements  are,  however,  on  their  face,  exaggerations. 
There  can  be  no  doubt  tbat  tjic  olfactory  organs  detect  cxtrtmalv  minute 
jjortions  of  matter.  In  most  cases,  elevation  of  the  temperature  of  a 
body  increases  its  odorous  effect. 

The  primary  uses  of  the  function  of  smell  are  for  a  diprriraination  of 
the  qualities  of  food*  or  it»  cundition,  and  also  for  enabling  ^^ 

.in  animal  with  greater  facility  to  proWde  itself  with  supplies. 
Hence  the  development  of  this  structure  takes  phice  in  the  utmost  pep- 
fectioD  among  the  carnivoro,  which  often  depend  almost  cxchuivoiy  upon 
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this  fttcQlty  for  the  parsuit  of  their  pny.  But  orcn  in  the  ho-hivon  it 
is  well  marked,  and  furnished  tlicnt.  though  less  exactly,  simLlur  indio- 
tions.  In  man,  though  this  seuse  is  lees  icately  developed,  it  Kp(£ts 
itself  to  a  greater  variety  of  objects,  snd  donbtloBs  enables  him  lo  »pfit- 
ciute  difTertinccB  among  odora  in  a  more  correct  manner  ttuui  in  the  g« 
of  the  tower  animals. 

The  general  principle  involved  in  the  construction  of  the  organ  of  ocfll 
U  to  expose  an  extensive  and  constantly  rooistcnf-d  surfius 
ib«  oWkcipiy    to  the  air  brought  in  by  the  respiratory  corrent.     Of  course, 
•**"*  other  things  bt'iiig  equaU  the  larger  the  siurface,  the  more  pef- 

feci  the  sense.  The  object  of  gaining  a  great  extent  of  supeifidil  a- 
posure  under  u  relatively  »niaU  volume  is  accomplished  by  Bpiu&g 
the  sensitive  mucous  membrane  on  projections  W  shelves,  vhicl)  aim 
serve  the  puqtoso  of  intercepting  the  incoming  cnrront  of  air.  It  if  in 
reptiles  and  birds  iliut  turbiunted  processes  first  make  their  fljjpcMWict 
In  air-breathing  aniniaU,  the  organ  of  smell  is  essentially  an  upjundtx 
to  the  respiratory  mectmnisni,  its  action  dei^cnding  entirely  uixm  i^ 
play  thcreoC  llut,  though  tlie  material  submitted  to  the  olfactory  men- 
bnuic  in  this  mautior  is  inroscnted  in  the  vaporous  or  gaseous  state,  it  ipj 
intermedinlcly  di.'^Holved.  ns  lias  Ijcen  Ktalcd,  in  the  liquid  nnicus  viik 
covers  that  uieinbrane,  before  it  can  affect  the  rainificaiious  of  the  (il&o^^ 
tory  ncrvc- 

Tlte  nose,  thus  constituting  the  commencement  of  the  respinuny 
tract,  forms  a  charscteristie  feature  of  the  countenance.  It  is  coiBpond 
iu  part  of  bones  and  in  [taii  of  cartilages,  covered  over  with  muscles  ■« 
integmnent  Its  live  cartilnges  give  to  it  shape  in  its  inferior  portiuD. 
Mid,  by  their  elasticity,  enable  it  to  resist  external  injury.  The  wbiifc 
surface  of  the  naAol  rarities  is  covered  over  with  mucous  membrane^  10 
which  the  names  of  pituitary  or  Schneiderian  membrane  have  been  given. 
This  mucous  membrane  likewise  extends  into  the  maxillary  aniron. 
cthtioid,  and  sphenoid  cdU,  or  sinuses  which  arc  atljacont,  and  open  ink)' 
the  satne  nasal  cavity.  The  Schiieiderian  membrane  is  highly  va«culw. 
and  receives  its  nervous  supply  from  the  nasal  branches  of  the  fiW* 
pair,  which  give  it  common  sensibility,  but  its  olfactory  function  ^ 
j^nfi.  JVMt^  iwnds  on  the  distribution  whic!>  * 

cf.riniu  portion  of  it  rpceirea  ft*™ 

iho  (irst,  or  olfactoTj*  nerve. 
J^iff.  2i>5  illnstratcs  the  disin^" 

tioti  of  I  he  olfactory  nerve  on  "* 
^    septum  uf  the  nose.     J'^iff,  20^"*, 

its  distribution  on  the  outer  ws^"* 
the  muud  (ofituL, 
Tliat  the  function  of  Iho  first  pair  of  netres  Is  ol&ctory  is  provo^^l 
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many  facts.     AnimaU  in  which  these  nerves  have  been  di-  „     ..      ..^ 
ndcd  are  no  longer  anected  by  odors  of  any  kind,  and,  gen-  am  p»tf  of 
erally  speaking,  tbo  greater  the  development  of  th«»e  nerves,  '""^■"■ 
ttie  acuter  is  the  seiitfe  of  smelL     In  persons  in  whom  this  &ciisu  has 
been  defective  or  totally  abseot.  or  in  those  who  liave  been  troubled  with 
unpleasant  odors  of  a  Kuljj<!(:tivc  kind,  post-moriam  examinations  have 
shoM'ii  u  corre8j.Hinding  abseiiue  or  legion  of  these  ncrvea. 

In  man,  the  ])TOper  olfactory  organ  is  formed  by  tltc  distribution  of  the 
ol&cton,',  or  first  pair  of  ncr%'cs,  on  the  mucous  membrane  wliicli  cover? 
the  upper  part  of  the  nose,  the  internal  set  of  lUauients  being  disposed 
on  that  uf  tlic  septum,  the  external  on  that  of  the  superior  nnd  middle 
spong)'  bones.  The  membrane  is  very  vascular,  and  covered  wttli  a  tliick, 
pulpy  cpithehani.  The  filaments  distributed  to  it  have  lost  the  while 
substance  of  Schwann.  It  is  those  parts  alone  to  which  these  filamontfi 
arc  distributed  whitii  posscsa  the  sense  of  smell,  the  adjacent  cavities, 
as,  for  example,  the  frontal  sinuses,  not  participating  in  the  function,  as 
has  been  proved  by  the  injecting  of  the  vapor  of  camphor  or  other  odo- 
riferous bodie*  into  thcin.  It  seems  to  "be  neeessarj'  for  tlic  vaporous  or 
gaseous  substances  (o  be  dissolved  in  the  moisture  which  covers  the  ol- 
factory membrane  la  order  to  their  exerting  a  proper  effect.  If,  by 
chance,  the  membnine  is  loo  dry,  thu  sense  of  smcH  is  temporarily  lost, 
and  the  same  likewise  occurs  if  it  be  unusually  moist. 

From  the  mode  of  distribution  of  the  olfactory  nerve,  it  follows  that 
the  sense  of  smelling  is  restricted  to  the  iiTipcr  portion  of  ,,  ,  ,  , 
the  nasal  canty ;  and,  for  this  reason,  when  we  desire  to  de-  for  ihi>««aMor 
loot  odors  with  unusual  precision,  the  air  is  drawn  violently  •  • 
into  that  region  by  siiitfing.  On  the  coiitrar}.',  we  avoid  the  pcrccptioti 
of  odors  by  bi-ealhiug  through  the  mouth,  or,  as  the  common  ,-p„,iitJo^,  f^^ 
phrase  is,  by  holding  the  nose.  Since  the  perfection  of  the  ii»  iwifcet  ie. 
Benfic  rwjuirea  that  the  olfactory  surface  shall  neither  be  too    ""■ 

ry  nor  too  oold,  an  advantage  is  gainiid  by  placing  it  Iiigh  in  the  cav- 
ity, where  it  ia  free  trom  the  disturbing  eiVi-cts  of  the  dry  air  intrcKluced 
by  inK])imtion,  which  becomes  moistened  and  warm  before  it  reaches  the 
place  of  action. 

Just  as  we  make  a  distinction  between  a  musical  soiind  and  a  noise, 
BO  should  we  distinguish  between  an  odor  and  such  impres-  ni*iinciionbo- 
sions  as  arise  from  tickling,  pressures,  the  use  of  siiulf,  mus-  iw"i'  oAan 
tard,  pepper,  and  pungent  bodies,  lor  tliese  act  as  men  irri-  ' 
tants,  and  many  of  them  can  produce  analogous  effects  on  other  portions 
of  tlic  Burlaco  of  the  skin.  Odors  do  not  give  rise  to  the  im|)rcsstonfl  of 
pain,  amL  Indeed,  the  nor^'oua  mcchajusm  having  chargn  of  the  action  is 
totally  differtmt  in  tlic  two  caaea,  Odora  operate,  as  wo  have  said,  upon 
the  olfactory  nerve,  hut  these  other  impressions  are  made  upon  ihe  nasal 
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aiipplies  from  the  fifth  pair.  The  upper  part  of  tlie  naaal  cavity  U  tlicn-. 
Ibni  devoted  to  tlie  proper  seose  ot'  smell,  tbe  lower  portioD  to  gencnL 
sensiAtion. 

In  oiie  respect  there  is  a  stiiktng  diflerence  between  this  mdm  ud 
DnnthM  of  ^'is'on  and  hearing,  ^^'c  van  peruuh'C  many  lumiaow  is- 
■>'*'*•  prcAsiona  at  the  eame  time,  or  hejir  many  BOimds  in  rapid  «iu- 

csesaion :  but  not  no  wiili  odors.  Wc  can  amcll  only  one  thing  at  i  timet 
or.  at  all  events,  the  impression  remattut  long  upon  the  oliactory  appui- 
tu8,  perhaps  because  thii  odoriferous  substance  remains  dissolved  in  llw 
attached  moisture.  Ttie  identiiicatiou  of  substances  by  their  oilor  De^ 
osaarily  implies  a  resort  to  reeollection  or  nietnory.  and  aometimaa  n 
have  to  apply  tlio  fragrant  object  again  and  again  to  the  nose,  befimim 
can  recall  with  satisfactory  precision  its  name. 

in  the  lower  animals  the  sense  of  smell  is  probably  locadizexl  insom 
-^  ^      parts  of  tlie  skin ;  many  of  them  display  instincts  whicli  Hem 
MUnny«(    to  imply  the  possession  of  such  a  aenrc.     Insects  sl».  by 
aiuell,  arc  often  led  to  their  food  or  to  one  another. 

The  variable  current  of  air  introUutx-d  by  respiration  corapensattt  is 
some  degree  for  the  want  of  mobility  of  the  nusu.  which  may  lie  Tcgu>)* 
cd,  in  air-bn>ti thing  vertebraied  animals,  as  consisting  of  a  dircrticulini 
trom  the  respiratory  passages.  In  tiahes,  however,  the  oltiactory  csTiljii 
not  connected  \^'itli  the  respiratory  passages :  there  are  no  posterior  wn. 
Th^  circumstance  of  their  living  under  water  disables  them  from  apprea- 
ating  the  odorous  peculiarities  of  gases  and  vapors,  in  the  whale  tllc<)^ 
gau  is  alt<^tber  absent,  being  replaced  by  the  mecbaniam  for  recdnng 
air  and  blowing  out  water.  In  other  tribes  the  ocuteness  of  Uiestfue 
is  in  proportion  to  tlie  development  of  the  oltactory  ganglia :  in  reptile* 
it  is  feeble ;  in  birds,  more  developed ;  in  carnivorous  unimals,  still  taite. 
Bnt  here  again  it  exhihitJt  a  special  restriction,  since  there  is  reasosli* 
supposing  lliat  carnivorous  animals  are  insensible  to  the  perfume  of  Ac** 
crs,  while  herbivorous  ones  distinguish  them  perfectly.  In  man,  sCt 
have  said,  the  sense  is  less  developed,  but  it  has  a  wider  range. 

Tbe  localization  of  odors  is  eftectcd  in  a  much  less  perfect  manner  thn 
Lo(-«iEuUoa    ^^^  tocjiUzation  of  sounds.     The  principle  by  whicli  it  i*  "^ 
oTodan.        complished  is  obviously  that  of  detcnniniiig  the  dlrectio)*  * 
maximum  Intfmsity,  and  this  involves  necessarily  the  constant  exer^"^ 
nf  iiii'mur)'  and  comparison.     The  surprising  manner  in  which  this    "^ 
lie  accomplislied  by  animals  whoso  sense  of  smell  is  acute,  ao,  for  e^-^^ 
pie,  by  the  dog.  is  extrenifly  interesting.     From  the  diiferent  mann«r^^  * 
whicli  various  odors  «tlert  diflerent  individuals,  there  ia  no  genonl  st^^ 
ard  of  comporison  to  wliich  tliey  may  be  referred,  as  there  is  in  the  -^^ 
of  colufH  and  of  sound.     8ce.nts  which  may  be  highly  disagrae&hlc  to       '^ 
are  acceptable  to  another  person.     By  constant  exposure,  the  fiicalty  ^^^ 
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le  K>  benambcd  m  to  Iw  unoble  to  distingiiish  some  altogether. 
ThuB  Tunier  found  "  tluit  tlie  Hower  of  the  iris  peraioa  was  „   .       _  _ 
lonnced  of  pleasant  odor  by  forty-one  ont  ot  ntiy-foiU'  oto^nnim- 
ms,  by  foiir  (o  li«ve  little  scent,  and  by  one  to  be  ill-  P"***""*- 
led.     Ot"  tliirty  persons,  tweutj--thre*;  held  tbe  anemone  ncmoroet 
ible  in  its  perfume,  and  seven  did  not  think  (hat  it  smoUed  At  all." 
Dueases  of  the  central  organs  will  sonicliincs  gire  rise  to  the  percep- 
tiou  of  subjective  odo»,  just  as  they  do  to  epectral  illusions  or  suije«iin 
,  fiounda  in  the  caiu.  o^orf 


CHAPTER  XXrv. 


OP  TASTE. 

CmdUkm/br  TatU. — Stndtm  umf  FmetioM  ^tAe  Tomffm. —  TaelUe  and  OmUMirt  RtgiomM 
<!fAe  TtmyM. — ComplemaiiaTy  Tatilf*. — S-ljffrtitt  Tiutts. 

Titoion  the  function  is  participated  in  by  other  portions  of  the  oral 
cavity,  the  tongue  is  to  be  regarded  as  ihc  organ  of  taste,  c«n JUion*  fin- 
The  phyBieal  conditions  under  which  sarors  are  perceived  is  '**'^ 
ihat  the  substance  shidl  bo  presented  in  solution  tn  water,  or,  at  all 
in  the  saliva.  From  vision,  liearing,  and  smell,  the  sense  of  taste 
in  the  circumstance  that  it  requires  the  contact  of  the  acting  body; 
and,  to  a  c«rtain  extent,  the  some  distinction  which  has  been  made  re- 
garding such  substance:*  as  can  act  on  the  olfactory  mechanism  might 
also  be  made  here ;  tliat  is  to  say,  that  tliere  are  two  classes  of  agents 
trhich  affect  the  organ — tlioec  which  produce  a  mere  pungent  sensation* 
and  those  which  excite  savors,  properly  s[Kaking,  for  the  irriutioni  ■■< 
former  will  frenuently  give  rise  to  ejiecific  action  when  ap-  "*■<"■• 
plied  !o  other  portions  of  the  surface  of  the  skin. 

Sen«ations  of  taste  are  very  frequently  conjoined  willi  olfactory  per- 
Mrtions,  so  that  wc  mistake  the  one  for  the  other.  There  CMinMtioii  of 
w  many  substances,  reputed  to  have  a  powerlul  flavor,  *ip^^^{' 
hicb  become  tasteless  when  the  nose  is  held :  and  this  re-  uatw. 
nark  applies  more  particularly  to  such  as  are  at  the  same  time  volatile 
t%A  solablo  in  water.  However,  irrespectively  of  tliia,  some  of  those 
kodies  which  produce  the  most  intense  iind  jMTniancnt  impression  on  the 
ireans  of  tasic  do  so  merely  in  \*irtue  of  their  solubility,  as,  for  exam- 
ple, '|uintne,  wtiich  is  a  non-volatile  l>ody.  The  intensity  of  such  action 
lepisids  on  the  duration  of  contact  and  the  degree  of  exposure  of  the 
abet&nce  to  the  tongue,  so  that  the  papillie  may,  as  it  were,  become 
lioroughly  pcnncaicd. 
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The  idea  of  taste  may  ariee  irrespectively  of"  (lie  presence  of  anv  aetaal 
TMi*»ihD«ni  ***il^''t*i^''***  '^  sbarp  blow  will  produce  il,  as  o.\m  the  passage 
eni  on  Kd-  of  a  focblc  voltaic  currant.  It  waa,  indeed,  in  this  way  thai 
onul  a«onu.  ^^^^  ^^^  observation  in  galvanic  electricity  was  made.  A 
narrow  jet  of  air  directed  upon  the  tongue  caaacs  a  taste  resembling  thai 
of  saltpetre.  If  the  tongue  be  dry  aud  parched,  its  power  of  diaerini- 
inatiog  taates  is  greatly  enfeebled,  and  iU^  ftame  thing  taJtes  place  il'ilit 
loin[>ura(urc  iH  very  luuch  changed,  either  by  elevation  or  depression, 
as  by  ki-eping  it  for  a  short  tinio  in  contact  with  hot  or  very  cold  water. 
The  action  of  the  toi^ue,  aa  the  organ  of  taHiCt  depends  upon  the  pa- 
^.  .  ,  pillffl  which  are  on  its  suriacc.  These  stracturca  eive  to  the 
ih>|in{>)Uiuor  u|ipr-r  jwrtion  of  the  tongue  its  rough  appearance  Thoy  aiv 
**"*■  of  three  kinds:   let  The  conical  papillie,  which  are  the  most 

numerous ;  2d.  The  circuDi  vol  late  papilla',  which  are  situate  near  the 
Ijaoe  of  the  organ,  and  which  are  liuui  ^^  to  ^  of  an  iiidi  iii  diameter, 
with  a  crater-like  depression,  round  the  edge  of  which  is  a  groove,  and 
again  a  circular  elevation ;  3d.  The  fungiform  papitlie,  which  are  chiefly 
on  the  sidcg  and  ti|),  their  shape  being  coiucul,  the  niu-row  end  of  the  cone 
"being  downward.  The  c-.pithclium  of  tlie  tongue  is  less  dense  over  the 
ftingifiinn  papilla*,  and  licncc  their  projecting  appcnrani-e :  it  ia  more  dense 
over  the  conieaj  papilhv,  and  projects  froTn  them  in  processes  which  pre- 
sent an  oapcct  like  that  of  hairs.  Bome  of  them  contain  hair-tubes. 
Besides  thcite.  tlie  surface  of  tha  tongue  presents  a  papitlarj'  structure 
resembling  that  of  the  skin — secondary  papilla-,  aa  they  ore  lernied.  It 
ia  supposed  that  the  contcul  papilhu  are  diiclly  organs  of  prehension ;  tlie 
others  are  organs  of  taste,  but  tliat  function  ia  participated  in  by  other 
portions  of  the  Burface  of  the  mouth,  aa,  for  example,  the  soft  palate,  its 
srchea,  and  the  tonsils. 

J^ig.  207  represents  the  surface  of  the  tongue  and  the  adjacent  puts: 
a,  a,  lingual  papilUe ;  d,  0,  circtmivallate  papil- 
he,  disposed  along  two  conveiging  Unea  form- 
ing ihe  lingual  V;  c,  foramen  ctecum ;  d,  d, 
fuiigifonii  papiUic ;  e.  c,  tilit'orm  papilla- ;  J", 
fra'iiuin  eijiglottidia ;  jr,  epiglottis ;  /*,  anterior 
(tilkr  of  vohini ;  v,  stylo-gloaaua ;  A  isthmus 
of  the  fHuc<;s;  7/i,nvula;  »,  velum  pendulum 
palati ;  o,  hard  palftte ;  7^,  raphe ;  j,  q,  orifices 
of  the  excretory  ducts  of  the  palatine  glands; 
r.  palatine  glands,  tlie  mucous  membrane  be- 
ing removed ;  e,  palatine  glandulea ;  t,  mu- 
cous membrane  covering  the  iHune  glands ;  it, 
palatine  tubercle;  v,  Vj  section  of  the  lower 
Tiic  luiigiir  jaw. 


P(tr.  SOI. 


e  DT^n  of  tastp  is  plawtl  at  the  cointnenwmcnt  of  the  digestive  ca- 
nftl;  bcnce  the  characlera  of  substances  may  be  examined  tlnMrfibc 
witli  ddibcralion  while  ihcy  are  yet  under  the  control  of  the  •'"'"  of  um*. 
will,  for  whf'n  once  a  liody  has  entered  the  irsophagus  it  is  awnUowcd  in- 
volunturily.  The  tongue,  therefore,  gives  Wttfiiing  of  the  presence  of  dcl- 
iterioua  Rubstanoes,  »nd  in  no  small  degree  excites  (he  apjwlite  by  receiv- 
ing the  impression  ot'  pleasant  flavors.  The  essential  condition  under 
■rbicb  it  acts  is  a  moist  state  of  its  surface,  for  the  dry  tongue,  though  it 
ujoye  oommon  sensibility,  after  the  manner  of  any  portion  of  tlie  cster- 
nal  t^iinifiml,  docs  not  enjoy  taste.     One  of  the  duties  of  the  salivary 

Els  la  incidcntallj'  to  maintain  this  moistened  condition.  To  a  cer- 
degree,  taste  may  Im  regsirdcd  as  a  retinemcnt  on  touch.  It  differs 
vision  and  hearing  in  the  peculiarity  that  there  is  no  sin-  Nrrvwof  iiw 
glc  nerve  of  sjiccial  sense:  individually  devoted  to  it,  for  the  "«»»'«■ 
bont  of  the  tongue  is  suppUed  by  the  lingual  branch  of  the  lifth  pair, 
uid  tiie  back  by  tho  glosso-pharyngcal.  Its  entire  nervous  supply  is 
Aerivcd  from  four  ditlcrent  sources:  ihe.  lingual,  tli(>  hypoglossjd.  the 
-pharjTigeal,  and  the  sym  pat  lie  tic,  repn^senting  tlierefore  s]>ecial 
Knsibility^  rouscular  motion,  common  scnsibilityt  and  sympathetic  rela- 
tion. That  the  hjr|)oglosBal  is  the  ncn-e  of  motion,  or  mnscnlar  nervo.  is 
proved  lx*yond  doubt  by  its  section,  after  which  the  motions  of  ilie  tongue 
■K  destroyed,  but  taste  and  touch  remain.  The  individual  duty  dm- 
efa&rged  by  the  gloeao-pharyngeal,  and  the  lingual  branch  of  the  fiftli  poir 
rwpeclively,  is  not  so  clearly  detcnnined.  Section  of  the  former  is  al- 
lende<l  with  loss  of  taste,  though  it  is  not  yet  proved  that  tJiere  is  a  loss 
of  all  kinds  of  tnstc.  If  the  lingual  branch  of  tiic  Hftli  be  divided,  coro- 
UOD  sensation  at  the  tip  of  the  tongue  is  destroyed,  and  there  is  evidcnee 
that  with  this  the  appreciation  of  certain  tjistes  disappears.  The  glosso- 
jdutyngeat  is  distributed  to  the  circuravallate  papilliv,  and  it  is  said  that 
ii  some  birds  the  lingual  is  suppressed.  Upon  the  whole,  therefore,  it 
nay  bo  concluded  tliat  these  nenes  are  conjointly  engaged  in  the  sensi' 
of  lorite,  the  glosso-pharyngcal  being  engaged  witli  those  flavors  which 
iflect  tho  back  port  of  tlie  tongue,  the  lingual  with  those  whicli  affect 
the  tip. 

Illnstmlions  of  Uic  distribution  of  the  hypoglossal  nerve  have  already 
VCD  given  in  its  description,  under  the  title  of  the  twell^h  pair. 
The  surface  of  the  tongue  presents  the  tactiltj  and  gustative  powers  iu 
inverse  manntrr.     Examined  by  the  method  described  in   TM«ilean4 
lie  chapter  on  touch,  the  compasses  must  !«  opened  to  a  great    Smw  rfUw 
xtcni.  as  we  pass  from  the  lip  toward  the  back  of  the  tongue,    umga*. 
a  order  that  a  doable  impression  may  be  perceived.     Tliis  condition  ap- 
«aua  to  be  in  accordance  with  the  requirements  of  the  organ,  common 
KCtile  scDcibility  being  moat  necessary  at  its  outer  eztremity,  and  this 
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graduaUy  pnssitig  off  into  tKe  refinement  ol*  taste.  Tlie  action  of  tiny 
given  substance  may  be  increased  hj  motion  and  pressure,  as  when  it  i» 
rolled  over  the  tongue,  or  held  thereby.  Ita  sense  of  discrimination  may 
be  rendered  iiioru  acute  by  cdiicatioiu 

As  with  the  organs  of  the  other  senses,  so  with  this,  an  impression 
IhirUion  0*  niodo  upon  it  does  not  instontanoouBlj  ocase,  but  renioins  for 
(•■*»■  a  certain  |jftrio<l  of  time,  indeed,  in  this  instance  longer  than 

in  those  I[cncc  many  substances  acting  in  rapid  succession  give  rise 
to  a  confused  elfcc-l,  ihougli  it  is  said  that,  out  of  such  intermiuglings,  an 
accomplished  epicure  can  fasten  his  attention  on  one,  and  continue  to 
recognize  it  jast  as  wo  recognize  and  follow  the  sound  of  one  instrument 
in  an  orchestra.  No  explanation  has  as  yet  been  given  of  the  manner 
of  action  of  different  tastes,  though  it  is  asserted  tliat  some  act  upon  one. 
and  some  upon  another  ^tet  of  the  j)ainllir.  After-tjiHtcs  are  also  obi^Tved. 
Camftjemcnt-  which  iirc  Occasionally  of  a  coniplcmeniiiry  kind,  as,  tor  in- 
■ijriMiM.  Stance,  the  intensely  bitter  taste  of  tannin  is  followed  by  a 
aweetncflfl.  These  after  frffccls  modify  the  t»stc  of  substances  which  may 
be  taken  while  they  List.  They  therelbre  form  an  ample  subject  for  the 
profound  contemplation  of  the  epicure,  and  should  occupy  the  serious  at- 
tention of  the  cook.  They  may  be  illustrated  in  a  general  manner  by  the 
ii\jurious  eiiect  of  sweet  substances  upon  the  flavor  of  delicate  wines. 

It  hoa  been  mentioned  that  the  passage  of  a  voltaic  current  through 
Eltctricil  imii  ''"^  *°"g'J^'^  causes  nn  alkaline  or  acid  taste.  Some  f-xjwuri- 
Mldeciiw  mcnters  deny  the  correctness  of  this  statement,  and  assert 
that  the  impression  is  merely  metallic.  The  effect,  however, 
depends  tt^wn  the  intensity  of  the  current  employed,  or  on  the  nature  of 
the  pieces  of  metal  used.  If  iJic  current  has  power  enough  lo  decora- 
pose  the  salts  of  the  saliva,  acid  or  alkaline  tastes  will  )«  detected,  a(s 
cording  as  the  direction  of  tlio  current  is  nmde  to  vnry,  and  the  acid  or 
alkaline  body  is  disengagiHl  on  the  uji[>cr  or  under  side  of  ilie  tongue. 
Subjective  tastes  arise  in  diseases  of  the  nervous  ccntrojn,  but  these  are 
often  rendered  obscure  by  the  exudations  and  fnrrcd  condition  of  the 
tongue.  Dogfl,  into  the  blood-vessels  of  which  milk  has  been  injected, 
have  been  observed  to  lick  their  lips ;  and  from  this  it  has  been  inferred 
that  the  presence  of  substances  artificially  introduced  into  the  circulato- 
ry current  may  be  detected  by  the  organ  of  taste. 
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CHAPTER  XXV, 

OF  AMD1<U<  MOTION. 

Oliary  and  Xfiia»tar  Afotiim.— fMirriptitn  of  CiHa  <ad  the  Mamer  ^  Aetioit. 

.Viuu-vitr  /-Vire ;  iU  Formi,  Xtm-ttriiaed  and  StriaUd, — Mtatk  Juiet. — Jlttaur  ^Otamtrtioa 
of' a  Mtitcki  iu  Mjipfy  iif  Biood-ctneit md  yenti. — /t«  C^tmtcat CXoiye  dimnif  Acttnt^. — 
/«  ftw  of  Tmpena»n.—^tiel  f/ Eimricat  Cmrrr»U.— Vrnvlbm  of  ChnirtKtMtj/. 

Doctrine  thnl  Mmtck  (^Iraetiom  m  tif  rnmii  of'  Muwlr  DSnnlnfration.'^Uamtier  at  wMiek  ordi- 
nary OJuaitm  it  briKU/ht  into  phy.^Mamar  ^  Jte'toratitm.^lUmQrai  ^  i^  Iltat  <md  Oxi- 
(Bird /iodift. 

Sigor  MoHit. — Qitniectian  qfMvttkfor  LatmnottOK, — (y  Aunrfwy.—  H'aJXnijr.^/binnM^. 

It  was  fonnerlj  held  that  anitnals  are  ilisttngnishcd  from  plantR  by 

the  possession  of  the  power  of  locomotion,  a  tloctrinc  ^vhich   ,  ,    , 

'■  ,  -  ,     .  .  ,        ,         AiiimAlmoluia. 

ca:i  now  no  longer  Le  n^arded  aa  true..  It  wa«  also  ik- 
lievcd  that  the  muscular  inovomonts  of  animals  are  dne  to  the  influence 
of  the  nerves,  and  that  a  nuscular  iibre  contracts  oiJy  when  stimulated 
to  do  flo  by  a  nerve.  This  mokes  the  poasciaion  of  a  nwroua  system 
essential  to  the  motions  of  animals.  These  doctrines  also  arc  erroai'oas. 
Animal  motion  is  of  two  different  kinds:  let.  It  is  accomplished  by 
vibrating  dlia ;  2d.  By  the  contraction  of  cells  arranged  in  the  form  of  a 
fibre. 
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The  epithelial  cells  of  the  cyhndrical  and  of  the  tcsselatcd  kind  are 
occasionally  arranged  with  delicate  projecting  strim  on  their  n^fi-riniioii  <rf 
firee  extremities.  The  length  of  these  varies  from  the  g^  i^H"  «»<i  ihri' 
to  the  j^l  jy^  of  an  inch.  These  striw  are  termed  cih'a,and 
tlic  cells  arc  said  to  be  ciliated.  Examples  are  presented  by  the  mucous 
membrane  of  the  respiratory  surface  and  of  the  nasal 
cavities;  an  illiiHlration  is  given  in  J'^iff.  208.  The 
cilia  may  Iffi  regnnled  as  prolongations  of  tlic  cell  wall 
ii^-If.  They  exhibit  a  vibrating  motion  back  and 
I'lirtli,  which  rccalb  the  movements  of  stalks  of  grain 
in  a  field  as  the  wind  is  passing  over  it,  the  ears  beJid- 
ing  down  and  rising  again  in  the  breeze,  and  throwing 
the  M'holc  surface  iutu  wave*.  The  ciha  also  exliibit  a  movement  likt' 
that  known  as  the  feathering  of  an  oar.  or  sometimes  as  turning  round 
upon  the  point  of  attachment,  as  upon  a  centre,  giving  rise  to  a  sort  of 
conical  motion,  the  free  end  describing  a  circle.     These  motions  soein  to 
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be  perfectly  involuntary,  for  they  not  only  take  place  long  after  death, 
but  even  in  detaclicd  |)ortion3,  the  ciliary  cell  being  uninjured  and  enUre. 
The  scats  of  ciliary  action  arc  always  moistened  surfacea.  The  condi- 
tion for  the  continuance  of  the  motion  after  death  is  accordingly  that  the 
surface  gliall  be  kept  moist,  but  it  is  also  necessary  that  a  ccrlaiti  tem- 
pernture  E«)iould  ha  observed,  which  in  warm-blooded  animals  must  not 
tall  below  ■12^  F.  Even  after  the  motion  has  completely  oeased,  a  solu- 
tioit  of  carbonate  of  potash  re-oxcites  it,  but  this  does  not  take  place  witb 
ammonia,  because  it  injuroH  the  ciliated  cells. 

Ciliary  motion  is  indeiwndcnt  of  nervous  agency.  The  control  of  tem- 
perature and  of  chemical  reagents  over  it  shows  that  it  is  of  a  physical 
natiirc. 

In  the  lower  orders  of  life  ciliary  movement  is  relioil  on  both  for  the 
i;»e«  of  ciliary  purposes  of  loconioliou  ami  preheiwioii.  r.>.  vno, 

nwilou,  /•;y,  209  illustrates  ihia  l]i  thu  caste  cf 

a  vorticella,  the  upper  edge  of  which  hIidws  such  a 
mcclmmsm.  It  is  often  stated  tliat  In  the  liigher  an< 
imais  the  object  js  to  determine  a  movemtint  of  tho 
liquid  which  moistens  the  ciliated  colls  in  tlie  direc- 
tion of  the  outlet  of  the  tube,  or  other  surface  which 
they  line.  In  this  way  the  action  of  the  ciOo  may 
lend  to  the  expulsion  of  material  from  tlie  air-cclbi 
of  the  lungs  into  the  broncltial  tubes.  In  reptilea, 
whose  urinary  tubclots  ore  furnished  ivith  tiiis  niecU-  ciiuw  uiinMiMta 
•nism,  tlic  secretion  may  be  urged  llicreby  in  the  proper  diroctiun. 

The  contractile  tissue  which  enables  bucIi  utiimalK  as  the  hydra  (-/^. 
EmUn-onlc  '^'^0)  to  cxecutc  movements  of  prehension  and  locomotion 
ooniracU]«  lii^  may  perhaps  be  regarded  as  the  rudimentary'  state  of  the 
*"*■  structures  next  to  be  dcacribctl.     The  annexed  sketch,  from 

ptf.tia-  Trcmbley,  illustrates  the 

manner  of  progression  of 
this  animal.  No  trace  of 
a  proper  muscular  libre, 
and  none  of  a  nervous 
HydK  v&iunr  System,  have  Iiithcrto  l)cen 

detected  in  it. 


Of  Mvacular  Motimi. 

The  muscular  system  consists  of  muscular  fibres,  tendons,  bones,  to- 
gether with  varinus  accessory  parts,  sucli  as  ligaments,  sheaths,  bursa 
mucosfc,  synovial  capsule*,  fascia.  Its  action  depends  on  the  primary 
fact  that,  imdcr  appropriate  influences,  muscular  fibre  shortens. 

Each  voluntary  muscle  consists  of  a  collection  of  fasciculi,  which  ex- 
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liibit  the  clinractcristic  appearance 
of  transverse  siriatton,  as  in  the 


-  v^ 
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Klin- 


photograph  of  muacular  structure  of  the  frog  (/V.  211).  Volwuniou*- 
The  primary  fasciculi  are   collected  into  Uigei   bundles,  ">i«i  fo*dai>L 
secondary  muscular  fasciculi,  held  together  by  connective  tissue,  and 
tliCM,  again,  into  still  larger,  tlic  tcniury. 

The  primitive  fascicnltis  ia  enveloped  in  a  delicate  ahcatli,  the  Rarco- 
lemma,  as  shown  in  flf/.  212,  in  which  tlic  fasciculus,  though  torn  across, 
la  held  together  by  the  sarcol«nnia.  The  sjxcimcn  in  from  lite  human 
muscle.  I'^iff.  213  is  a  good  representation  of  the  same  fact.  It  ia  given 
bv  Todd  iuul  Rowuian  from  the  ttkatc.  The  sarcolcmina  in  a  dtdicntc 
membrune,  wlilcli,  lliimgh  of  great  tenuity  in  man,  may  lie  made  visible 
bv  the  action  of  acetic  acid  or  alkalies.  AVithin  tlie  sareolcmma  the 
primitive  fasciculus  is  acen  to  be  compoBed  of  many  juimllel  tibrils, 
whirh  may,  by  macemtion  or  chemical  agents,  be  Beparntod  from  one  an- 
other. These  fthrils  present  a  beaded  aspect,  and,  since  their  constituent 
elements  are  arranged  side  by  side  in  parallel  phmcs,  they  vititn«to  mu*- 
give  to  the  fasciculus  the  appearance  ofstriation  it  presents.  '"Inrfiiiril. 

The  longitudinal  striation  of  the  fas- 
ciculus arises  from  the  fibrils  fhem- 
selves.  Ilert  and  there,  in  the  inte- 
nor  of  the  sarcolemnia,  nuclei  occur  ir- 
regularly, and  with  ihcni  fat  granules. 
The  fibril*,  Willi  the  fat  and  a  liquid, 
fill  the  sareolcmma,  without  leaving 
any  central  canal  or  hollow  axis, 

J''ii/.  214  is  a  photograph  of  ulti- 
mate muscular  fibre  of  tlie  pig,  from 
ouoofMr.Jjealand'8]treparaliunH.  The 
rcctanpilar  form   of  the   constitnenl 
ommi-.«.wutaTnu^in7v"«XdB»dii»rt«.  cells  is  well  seen  at  a,  «,  a.     At  i» 
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probnbly  by  reason  of  n  twrtsi,  tension,  or  undue  BtT&iu,  a  spiral  appm- 
ance  is  [iresenteJ  ;  c,  care  the  primitive  fasciculi. 

A  fluid  BiuTonndB  the  Bhrtm  of  striped  muscles,  and  the  6bn)  oelkrl 
smooth  nnc.4,  which  is  wholly  difft'n^ni  from  the  plasma  of 
the  blood.  Tlio  cx[^mcntA  of  SclmltJE  .thow  that  this  dgdl 
contains  a  large  amount  of  casein,  a  conclusion  of  considerable  impon- 
ance.  since,  if  there  were  any  doubt  of  tlic  occurrence  of  tbit  suhatsncp 
in  the  blood,  tiiis  lact,  at  all  events,  renders  it  certain  that  the  maainaij 
gland  is  not  necc8sar}-to  its  formation.  Tliat  tlie  substance  thnsooctv- 
ring  is  casein  is  proved  by  the  action  of  rennet. 

Muscle  juice  undoubtedly  orisea  within  the  sareolemmathioiighirliicli 
it  exudes.  Each  fibre  tiiereforo  presents  four  objects :  the  syntonio.  Ha 
nucleua,  the  sarcolomma,  aiuI  th<-  muselc  juice.  That  the  lunaclejaioe 
arises  in  part  from  the  funclional  activity  of  the  Hbre,  and  is  immedi^t^ 
ly  ilerivird  fnim  the  waste  of  its  ffviiloniu.  and  that,  in  its  turn,  the  KTih 
tonin  is  closoly  allied  to  the  substance  of  the  nucleus,  is  shown  by  ihor 
exhibiting  almost  the  same  chemical  reactions  with  alkaliea,  acids,  eltr. 

The  Borcolcmma  is  not,  however,  tilled  with  syntonin;  it  contains  be- 
sides, aa  stated  above,  a  certain  quantity  of  fat,  aa  may  be  dcntourtmed 
by  removing  from  the  sarrnlcmma  its  syntonin  by  acids,  when  a  grasB- 
Inr  mntorial  will  be  left.  That  tliis  is  fat  ia  proved  by  its  aolnlwlityi* 
sutphunc  ether. 

The  aarcolemma  does  not  belong  to  the  protein  class  of  bodies,  bui  i» 
5anoi«B'  rather  analogous  to  clastic  tie»ue.     The  color  of  mtiscle  appna  J 
"^  to  1k!  not  so  much  dun  to  tlie  Itlood  as  to  a  special  pigment)  fl 

which,  perhaps,  adheres  in  a  free  stale  to  the  fibrils.     The  ronscle  jtiiee    ' 
contains  relatively  far  more  potash  gaits  and  phosphates  than  the  bkioi 
at  i»  shown  by  the  following  table  from  Liebig. 

For  one  hundred  parts  of  soda  there  occur, 

!■  the  Iieti,     40.S  of  jioimU  In  ib«  blood,  and  381  in  tin  muKleJateo. 
■'     ox,       r..!»         "         "        •'         s;»         *•        " 

•*       IioTHC,    9.S  '■  **  "  383  ■•  " 

"       fux,        —  «  M  «  2n  (i  „ 

"      jflko,      —  MM..  49^  M  It 

It  is  commonly  stated  that  muscular  motion  ia  accomplished  by  &im 
Twoformior  of  two  different  kijids:  Ist.  The  simple,  non-striated,  m* 
vuMvlu-  striped,  or  organic  fibre ;  2d.  The  striated,  striped,  or  vohu- 
.irtiiUi  in'i  tary  fibre  just  described.  Tliough  this  subdivision  m«y  1* 
.uiau-d.  conveniwit,  it  can  scarcely  bo  regarded  as  accurate,  nince  0* 
former  variety  passes  by  insensible  degrees  during  derelopmenl  into  tba 
latter,  and  cafloa,  indeed,  are  not  wanting  in  wliich  the  same  fasdc**^'** 
presents  in  ditfrre-nt  parts  both  conditions  at  onoe. 

The  non-slrtated  muscular  fibre,  ^<//.  215,  coo^ats  of  translucent  U^^ 
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ftoft  granular  material,  vttrying  from  the  ipjlpj  to  j^j^  of  an  inch  ia 


brpfldth,  and  exhibiting  here  and  there,  the  traces  of  xon-itrti. 
nuclei,  particularly  after  the  fibre  lin,slycn  acted  on  by  '"^  ^''™- 
acctie  acid,  aa  is  sliown  in  /"^ff.  216.  Each  fibre  may  be  re- 
garded as  an  arrangement  of  nucleated  cells,  the  nucleus  be- 
ing of  a  cyliiidroid  or  spindle  form.  The  contractile  content 
.  within  ia  syntonin.  Non-striated  fibre  is  not  usually  attach- 
ed to  fixed  points,  as  to  hone,  but  by  being  collerted  into  pni^ 
sllel  bundles,  difTcrcnt  bundles  interlacing  irith  one  another, 
contraetBe  planes  or  surfaces  are  formed,  such  as  the  cylindri- 
cal eoat  of  muscular  structure  of  the  digestive  tube,  or  the 
contractile  layer  of  the  urinary  bladder.  Similar  fibres,  im- 
bedde<l  in  the  skin  and  connective  ti38ue!?,  communicate  to 
tlicni  the  quality  of  corrugation  or  contractihty.  The  fiiBcic- 
nil  are  bathed  externally  with  an  acid  juice,  cliaracterizcd  by  con- 
taining Baits  of  jtotash.  phosphoric  and,  creatine,  and  inosite.  The 
general  appearance  of  fibre  ccIIb  of  this  class  is  given  in  /Vy.  217 : 
a  is  froni  the  small  intestine  of  man :  b,  &om  the  fibrous  invest- 
ment of  tlic  spleen  of  the  dog.     (Kolliker.) 

Contractile  fibre  cells  present  the  following  reactions:  Aoctie 
add  causes  the  fibre  to  swell,  and  makes  the  nucleus  more  omtracuie 
visible;  it  occaaiona  a  eomplete  dissolution  when  In  a  ^i"*'*''!^ 
concentrated  state.  Dilute  hydrochloric  acts  in  a  similar  manner. 
efiiKt  in  tliis  instance  being  the  same  with  the  fibrea  of  both 
smooth  and  striped  muscle.  The  examinations  thus  far  made  have 
aliown  no  dilTcrence  in  ultimate  composition  between  these  fwrns. 
The  striated  muscular  fibre  consists  therefore  of  fasciculi,  with 
An  elastic  investment  of  sarcolcmma,  collected  into  brmdles,  piriAua 
«iid  invested  with  perimysiuni.    The  contractile  consritucnt  '•'"*- 
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IB  gyiitomn  t  ant!  though  the  gejieral  rule  is  that  the  primliiye  bQiidkf| 
sliall  ru[i  isoJatedly  and  parallel  to  each  other,  iii  iTrtain  cai^i's  tlicy  jutu*' 
tomosc,  J'lff.  GO.  lu  its  nltiiiiate  coiiHlruction,  the  tbrni  of  fibn  omj  be 
rcganle<l  as  consisting  of  a  series  of  cells,  as  shon-n  in  /?y.  214,  tlie<£- 
mnictcr  of  which  varies  according  to  the  actual  condition  of  the  miucie, 
whctlinr  it  is  in  the  contracted  or  relaxed  atate,  hut  which  may  bo  tdm, 
on  »n  average,  at  the  |-]^^^,^  of  an  inch.  The  cells  are  placed  end  to  oiil, 
the  boutidar/  walls  upon  the  end  presenting  the  appearance  of  a  4eliaJe 
transverse  lioe.  £acb  ctiU  consists  ol'  two  portions,  a  centnl  spot  ind 
B  pcUucid  border.  The  pcltucid  bonier  is  considered  hy  Dr.  CaTpenler, 
whoae  views  of  muscular  8tnictui\i  we  are  here  presenting,  to  be  ibc  ceil 
wall,  the  central  space  ht>ing  the  cavity  of  the;  ccU  tilh-d  with  sunic  iii^y 
rdVacting  suhsuinoc.  Dr.  Carpenter  speaks  of  the  cenlial  spot  as  ibtk; 
an  inspection  of  the  photograph, -ATy.  214,  pro^-ca  that  it  naajLel^hlifj 
exactly  in  focus,  \\licn  the  fibril  is  in  a  relaxed  »tatQ  the  longest  axii| 
of  each  cell  coincides  with  the  length  of  the  fibril,  but  when  contnctiM< 
occurs  this  asis  shortens,  and  a  sliortcniitjj;  of  the  entire  fibril  is  tfcei^j 
suit.  A  number  of  thcf*.-  fibrils,  placed  sidit  by  side,  constitute  a  tWicd-i 
Iiu ;  indeed,  there  uiay  lio  tnany  liumlrcds  of  thein  thus  bound  togvtkr. 
When  nich  a  &aciculii.s  is  forcibly  ru]>tured  it  presents  different  <ipptf^| 
onoes,  according  as  liie  ends  or  sides  of  its  constituent  colls  have  cobeidl ! 
most  strongly  together.  If  tlw  lateral  cohesion  is  weakest,  Uie  fasott- 
lus  tears  into  its  constituent  tibriln,  as  was  shown  in  /"ty.  214.  but  ifihf 
titui.  cohesion  is  the  weakest,  it  will  tear  into  discs  or  plates,  as  id  /V* 
rtf-  ii*>  218.     The  fkaciculua  is  thus  a  bundle  of  fibriU  iu 

diameter  varying  very  greatly,  oud  being,  to  mil. 
from  ihe  jfij  to  ihc  ^r^  of  an  inch;  in  femalrtit 
is,  on  nn  average,  smaller.     Kach  fibril  is  a  linctf 
scriea  of  coalesced  cells.     Tho  cells,  as  tlierfofl" 
tlio  fiWil,  lose  tlieir  rounded  and  assume  a  rcdn- 
gulnr  appearance,  as  shown  at  a,  a,  /(jr.  214.    1' 
therefore  apiieurs  that  each  fibril  tiuist  have  it9  c^ 
mvestinp  sheath,  thp  representative  of  the  walls  of  the  Ultle  cells  wl*"* 
have  coalesced,  and  this,  though  not  usually  admitted  by  anatomists*  ■?* 
pears  plainly  in  the  photograph  from  wliich  that  figure  Is  taken*    "* 
length,  muftciihiT  fiirti-iculi  vary  from  the  si^cth  of  an  inch  to  two  "*■ 
The  larger  animals  furnish  some  tlint  are  even  much  longer.     The 
mal  form  is  doubtless  cylindrical,  hut  this  is  constantly  dejmrted  ^^ 
each  accommodating  itself  to  the  pressure  of  tliu  adjavimt  ones.      ^ 
SRrooIemma  serves  as  u  partition  between  its  included  tibriU  and  th^*^ 
illory  hlood-vesselB  aiid  nerves,  which  imbed  tlieraselves  in  the  roi*"^ 
.ingular  spaces  between  adjacent  bundles.     The  cross  srclion  of  i 
tion  of  muscle  shows  the  manner  in  which  the  sarcolemma  and  the  "^ 
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are  arranged.     Fig.  219  is  from  the  human  biceps,  and  JF^g.  220  from 
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liruii.    ^      muscle  of  the 

teal.     Since  it  is  is  the 

interspaces  between  (he 

rounded    f'aBciculi    that 

the  blood-vessela  Ue,the  Ti»i«i«»««n:tionrfBw»rt«  »*«»*'. 

tisBuc  ia  more  vft?cular  aa  its  faaciciili  are  of  h'sa  diameter. 

It  has  already  liccn  stated,  in  connection  with  Fi^.  211,  that  the  stri- 
ated form  of  muscular  tihre  derived  its  name  from  the  ctrciimstance  that, 
when  cxnmined  by  a  sufficiently  hi^h  ■power,  it  appears  to  be  crossed  by 
delicate  trans\-erac  Hnca,  the  longitudinal  iwjiarations  between  the  fibrils 
being  also  visible.  This  ia  seen  in  the  specimen  of  insect  muscle  repre- 
settted  in  the  photograph,  Fig,  221,  and  under  a  still  higher  magnifying 
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power  in  that  of  Fig.  222.      The  dis- 
tance between  the  transverse  strifle  va- 
ries with  tlic  condition  of  the  muscle, 
but  on  an  average  it  is  represented  as    N<i«.iibriii.w  \^t  r*^u.  n^Knincd  9m 
beingaboutthe^jjljpjofaninch.   Many  *»«n«toM. 

more  striaj  are  crowded  together  ulien  contraction  takes  place,  and  tliey 
retire  from  each  other  as  soon  as  relaxation  occurs. 

It  is  t^aid  that  the  voluntary  muscles  contain  in  tlieir  muscle  juice 
more  acid  than  is  enough  to  neutralize  all  the  alkali  of  the 
blood.     The  electro-chemical  relations  of  this  intertascicular     ^^       **" 


438 


OP   VTfUX-LAR   CONTBAtTIOX. 


STDtanln. 


acid  JDicn  and  tlio  alkaline  plasma  of  the  blood  arc  dotiblic^s  the  cnnac 
of  the  jiroduction  of  thtwo  clectrie  currents  which  liave  been  demonstrated 
in  the  mnsclcA.  it  does  not  follow,  therefore,  tliat  tlieao  currents  oocnr 
hi  the  natural  state :  they  may  bo  the  result  of  the  cxpp-rimcntal  amuige* 
mciit  Icir  their  own  detection,  ^incc  it  ha^i  long  been  known  that  an  acid 
and  an  alkaline  juicQ,  separated  from  each  other  by  a  conducting  organic 
body,  will  form  an  effective  voltaic  circle. 

Of  the  contractile  clenieiit  of  muaculur  ftbn\  syiituniti,  il  umy  Iw  re- 
marked that  it  can  be  dissolved  by  the  aid  of"  dilute  hydrochlo- 
ric acid,  and  that  it  differs  from  fibrin  of  blood  not  orJy  in  that 
respect,  but  also  both  in  its  ■altimatc  com)}caitioD  and  physical  and  chem- 
ical rjualitiott.  In  certain  cases  it  Rcems  to  degenerate  into  fatty  sut>- 
stance.  In  the  growth  of  a  muscle,  tlie  constituent  fibrils  increase  in 
number  and  in  length,  their  diameter  remaining,  however,  nearly  the 
same  as  in  the  early  periods  of  lii'e.  Tlic  thickening  of  a  muttelu  is, 
therefore,  not  so  much  due  to  the  tliickeiung  of  its  constituent  fibrJs  as 
to  their  increase  of  number. 

The  contraction  of  a  muscular  fibre  docs  not  take  plooe  throughout  itH 
J.  .        whole  Ietig:th  at  once ;  it  generally  tx^tis  at  the  tind,  a  cluiigo 

tnciiaa  of  k  of  a3]H*ct  arising  from  tlie  iiiiiirr>a[:li  of  tin'.  0(i.n[tn>  centres  of 
ijiii»tc.  j|^^  ^^ji^  jy  ^jj^  antilhi-.r,  and  tliis  occurring  simultiincously 

across  the  whole  tibre.  This  approach  may,  however,  ensue  in  difiorent 
parts  of  the  lengtli  at  ihe  same  time,  the  surcoleinma  being  raised  up  in 
buUee  as  the  cgiitracUoti  takes  place.      This  eiluct  is  shown  iu  /Ty.  223, 

(dilute ■cliiHS  niawlc  ut  UjUkIMl 

in  which  tlie  tlilckened  portion  of  the  contracted  middle  space  of  the  mas- 
-^  jj^^  cle  is  surrounded  with  the  sarcolem- 

~  mic  hiilhL'.      The  sanio  is  demon- 

strated in  J^iff.  '224,  which  repre- 
sents the  border  of  r  muscular  ftis- 
ciculua  in  a  young  crab,  with  a  spot 
of  contraction,  and  the  flarcoicmma 
TTr\  ^  elevated  along  the  edge.  In  these 
'  >'  cases  the  contraction  is  brought  On 

by  the  action  of  water,  winch,  in 
8omo  measure,  may  exaggerate  or  disturb  the  phenomena.  /^i(/.  225 
exhibits,  under  the  same  eircum stances,  a  fasciciilus  from  the  eel,  a  being 
the  uncontracled,  6  the  contracted  part,  on  tlic  edge  of  which  the  sarco- 
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leiiium  is  again  raised  up.  Tlie  two 
lattuc  illuHtratioua  ore  from  Todd  and 
Uowman. 

Diflerent  portions  ofltie  length  of 
tiic  fibre  a*aumc  this  couditioti  at  dif- 
Icrcnt  moments,  and  lieucR  llie  wliolc 
Btructure  is  llirowii  into  a  fomi  whicli 
The  zigzag  appcanmo!  pointed  out  by 
tlic  uin-umstaitce  tliat  when   rcUxop 


rccslls  the  motion  of  a  wonn. 
Prcvost  and  l>iiinu»  arises  t'rorii 
tion  of  the  iibre  occurs  all  its  parts  are  not  brought  at  once  into  tlie 
same  state,  but  while  some  nre  contracted  others  are  in  the  opposite  con- 
dition. A  muscle,  during  its  conlraetion,  ap{)CAi-ii  to  liave  Jiearty  the 
aasne  solid  dimensions  which  it  had  during  its  relaxation.  This  hns  led 
to  tbe  deceptive  coiicluttion  that  M'hatcver  it  Las  lost  in  Juigtb  it  luw 
^tucd  in  tbiclcness.  There  must.  Iiowcvcr.  be  a  diminution  correaptiiid- 
ing  to  the  recDgnized  amount  of  waste,  for  it  is  well  known  that  destruc- 
tion of  a  portion  of  its  tissue  is  the  essential  condition  of  tlie  activity  oS 
a.  miiRcle,  The  various  degnoes  of  energy  with  which  the  contraction 
takes  place  at  different  times  is  to  be  explained  not  so  much  hy  the 
xoorc  or  less  energetic  aliortem'ng  of  the  cells  as  by  the  varying  number 
of  iibrcs  which  are  simultaneously  contracting,  or  by  the  different  frac- 
tional portion  of  each  which  is  going  into  action  at  once.  Aa  the  mus- 
oulnr  eflect  is  more  energetic,  so  will  the  sense  of  fatigue  be  more  speedy, 
r  while  one  fibre  ia  acting  anothej:  in  resting,  and  tlic  same  reiiiitrk  ap- 
lies  to  (liffttrent  parts  of  even  the  same  fibre.  It  is  to  this  reciproca- 
tion of  motion  that  the  sound  usually  emitted  while  the  muscle  is  In  ac- 
Iton,  a  low  ringing  sound,  is  to  be  attributi'd. 

Striated  muscle  Is  often  attached  to  bone,  or  otlier  substauce  on  which 
t  b»ii  to  exert  its  mechanical  power,  by  intervening  tibrous  jg,^ig  ^uA- 
,ue  constituting  tendon.  These  fibres  are  collc-lcd  in  ed  to  lam*  by 
pe,  BO  as  to  present  primary,  secondary,  and  tertiary  las-  ""  °"" 
«:iculi.  The  tendinous  fibres  arc  brought  in  relation  with  the  sarcoLcm- 
ma^  and  thus  form  n  sheath  connected  with  adjacent  ones  by  other  de- 
tached fibres.  ■  These  may  be  considered  as  converging  from  all  parts  of 
muscle  to  its  extremities,  and  thus  giving  rise  to  its  tendon.  In 
**  •*  some  instances  the  muscular  fibres  attach  them- 

selves to  the  side  of  the  tendon,  which  does  not 
then  tmdcigo  subdivision. 

From  the  peculiar  structure  of  muscular  tis- 
sue, tbe  capillary  vessels  wbieli  an-  distributed 
to  it  must  run  in  a  direction  for  the  most  ]iart 
parallel  to  its  fibres,  as  in  J^iff.  22*).      Their 
SvttHbMiMDfwMgaiwMpUUiiM.  modc  of  branching,  transvcrae  and  lon^tudinal. 
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is  diown  in  F^.  227,  a  being  the  nrtprv,  h  tlio 
Dl,trih«ii<,«of  vein,  d^cnpillnry  plexus.  Kiel,  ar- 
bianiLvuwU  10  tcHol  broncli  has  tiRtmUj  two  vewe 
'"''*^''''"  comitcs,  and  tlic  supply  of  these 

capillaries  has  ft  general  corresponrlence  to  the  j 
number  of  fibrils.  The  lymphatic*  are  not  nu- 
merous. Vascular  distritmtion  to  the  tendons 
is  niudi  more  sparing.  By  the  muscular  UooJ- 
vesscb  a  triple  fimction  Has  to  be  dischaj^ed: 
they  ftimiah  oxidized  blood,  oii  \%-hich  X\\\^  aolion 
of  the  muscle  depends;  lliey  remove  the  waste 
which  arises  aa  the  consequence  of  that  acti\-ity ; 
they  also  re|Mur  that  waste  by  presenting  the 
elements  of  nutrition.  Tlie  younger  Licbtg  has 
dttmondtnilcd  tliat  a  muscle  cin  not  contmct  cx- 
O^t  it  be  furnished  with  oxygen,  and  that,  as 
long  as  the  capacity  for  contraction  couliuues,  it 
absorbs  ox^'gen  and  yiu'lds  uarLunic  acid. 

In  the  same  general  manner  ibat  tiie  blood- 
vessels are  distributed,  so  Ukewiac  are  the 
nerves.     An  example  of  thi«  is  seen  in  /'^.  228. 


fV.  «T. 
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They  never  jicnotrate 


_.....      ,  the  sai-colemmn,  ^V- «». 

nwM  to  nius.  but  nui  m  close 
contiguity  with 
itt  their  distribution  to  dif- 
Asrent  parts  of  the  fascicuU 
being  very  unctjuul,  some 
parts  being  quite  iHiantily  fur- 
nialicd,  the  nen-e  filaments 
coming  ill  contact,  as  it  were, 
nt  occasional  points.  The 
opinion  is  generally  maintain- 
ed among  physiologists  that 
the  ncr\-<'-«  present  toward 
their  extremities  a  looped  arrangement,  as  shown  in  Fiy.  228,  but  by 
some  it  is  asserted  that  llxc  termination  is  in  an  extruuiely  delicate  poiatt 
or  bifid,  or  trifid,  without  exhibiting  any  return.  Of  tlie  two  forms  of 
musadar  tissue,  the  striated  is,  for  the  most  part,  supplied  from  the  cere- 
bro-spinal  system,  the  non-striated  tVom  the  sympathetic 

The  manner  of  development  of  muscular  fitscicuhis  seems  to  be,  tliat 
Deiroiapnwiit  the  sarcolcmma  is  firxt  produced  as  a  thin  and  delicate  tube 
of  miwcU.  ijy  the  coalescence  of  cells  arranged  linearly,  the  walls  of  whichi 
vhcTC  they  come  in  contact  at  the  ends,  are  obliterated,  giving  origin  to 
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*n  cTongateil  1>an(1.  A  granular  material  tlion  occupies  the  interior  of 
the  tuhr.  Vit'wiiig  the  aarcolemmn  as  the  anm  of  the  coalpsced  cell  wall«, 
ihe  fibrils  arc  lo  l)C  regardeiJ  oh  a  develojtmcnt  from  the  granular  cell  con- 
tents. Tlicy  form,  hy  a  sort  of  endogenous  process,  from  without  to 
'witliin.  The  nuclei,  as  has  already  been  remarked,  are  on  the  inner  aur- 
fac0  of  the  sarcolemma,  and  not  within  the  cells.  Tl»e  atruciurc  ia  not 
evi<lfuit  until  after  the  end  of  the  second  month  of  fa-tal  life,  Lmt  fay  the 
fbunh  inont}i  it  Iiuh  m  much  advanced  that  thii  inui^clc  a9.<?uniCB  a  pale 
red  aspect;  the  tendons,  which  Iiave  already  begun  to  be  distinctly  dif- 
ferentiated, ait;  gray.  At  birth  the  stracturc  Iws  become  so  far  com- 
pleted that  the  rilirea  can  be  isolated.  Tlic  condition  which  the  non- 
striated  librc  presents  ia,  therefore,  that  beyond  which  the  striated  libre 
Imms  pawaol,  and  in  this  r«jipoct  the  former  may  be  regarded  a»  an  onibry- 
onic  state  of  the  latter.  In  some  insect  rausclcii  an  inslnicUve  interme- 
diate condition  is  seen;  fibres  may  be  found  striated  toward  the  middle, 
And  ncn-striated  at  the  ends,  as  though  imperfectly  developed.  The 
tlsomcic  muscles  of  inscctn,  which  offer  a  beauliful  example  of  muncular 
srtmcturer  are  not,  however,  to  bo  regarded  as  presenting  primitive  tibrila, 
l>ut  xatlier  non-fibiillated  primitive  bundles.  This  T  consider  to  bo  the 
cm«e  with  the  specimens  from  which  the  photographs,  /V^#.  221,  222, 
-were  taken.  Though  not  so  apparent,  nuclei  cxiat  in  the  striated  fibre 
of  adult  life,  and  disdiarge  an  active  function.  At  this  period,  the 
i  ncrease  of  thickness  of  the  muscles  is  to  be  attributed  to  an  increase  in 
namher  of  the  contained  tibrils,  which  individaally  have  about  the 
itna  dimcnaiona  as  betbro  birth. 

Cbwqmitim  ^  Ox  jfwcb. 
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The  result  of  the  chemical  change  which  muscular  fibre  undergoes  dur- 
isig  the  periods  of  its  activity  is  eventually  manifested  by  the  Chnnieil 
^rppearance  of  carbonic  acid  and  nrea,  and  also  saltn  of  sulphuric  f„^^"u'viir 
«<id,  the  two  latter  escaping  from  the  system  through  tlic  uri-  "rf  biiucU-.  ' 
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naiy  appamln* ;  the  former,  jti  part,  tlirough  the  lungs.    That  ihcac  \ttod- 
Lacta  arc  to  be  Attributed  to  ntuecuJAr  waste  is  intpned  from  ihcir  in- 
crease or  dimiimtion  with  im.Tea8ca  or  diminutions  of  muscular  exertion. 
1)1  the  voluntary  fibres  tliere  is  comuionly  a  Dtixaaiiy  for  repose,  during 
n-kieli  r<.-]uur  of  the  waste  is  taking  place ;  but  in  tliosc  organs  which 
axe  in  ceaseless  action,  as  tliu  hvnii  and  diupUnt^ni,  the  rejiair  or  iiutri- 
lion  goes  forward  at  an  equal  rale  witb  the  wiiste,  and  no  jicriod  of  vast 
is  required.     It  nccciJjMirily  happens,  during  the  destruction  of  this  tis- 
IBUeoTiEmMf  "^^  ^  ^'*  arterial  blood,  that  a  rise  of  temperature  most 
jiyiwo  In  iiiut.    ensue,  and  such  a  rise  has  been  actually  observed  to  the 
;        cc  un.     ||p)yy„i_  yf  g_  JcgFee  or  more,  uotwithslaudiJig  the  constant 
tendency  to  tlie  removul  of  the  heat  by  the  constant  cunvul  of  venous 
,J)lood  tlowin^  ti-om  the  muscle.      There  is  no  necessity  to  attribute  the 
elevation  of  temperature  to  friciion  among  muscular  fibres,  and,  indeed, 
the  amount  that  could  ariHe  in  tlml  way  must  he  very  insignificant,  and 
not  1u  bo  for  a  moment  cnmp.tTT-'d  with  that  dut;  to  the  oxidation,      Kven 
in  muscles  which  htivc  been  remove^l  from  the  body,  and  made  to  con- 
tract by  tlie  aid  of  magncto-electrtc  currents,  changes  of  composition  may 
be  detected. 


or  rns  rvNcnox  op  inTScn.AR  rraae. 

The  mechanical  action  of  muBCular  fibre  depends,  as  wo  have  seen,  on 
Kamre  «r      ^  aliorteniiig  of  the  long  axis  uf  tho  cellti  of  whicli  tlie  fibres 

[eonuacUiity,  gj^  composed.  To  tliis  result  the  dosignalion  of  oontractility 
is  given,  and  tlie  property  by  which  the  fibre  is  emibled  to  exJiibit  this 
shortening  is  designiiled,  agreeably  to  tho  metaphysical  system  of  the  old 
physiologists,  who  were  content  to  accept  a  word  as  an  cxpUnation  of 

;■&  fact,  by  the  term  irritability ;  this,  as  being  useless,  may  be  discarded ; 
the  former  we  may  continue  to  employ. 

At  one  lime  it  was  supposed  tluit  the  contraction  of  a  muscular  fibre 
ConiraciJIliy  depends  80  completely  upon  tltc  agency  of  the  nervous  system 
tel  tn^    *^^'  **  ""S''*  ^  considered  as  the  direct  function  thereof;  but 

|iMirv#».  a  more  critical  examination  of  the  circumstanccR  of  llic  aliorl- 

.  ening  of  the  fibre  ceUs  shows  that  it  [)ossej)gcs  many  features  in  common 
witli  the  same  eorilraclion  of  the  cells  of  plants,  which  liavc  no  nervous 
system.  The  influence  passing  along  the  nerve  fibrils  is  only  one  out  of 
many  which  can  cause  muscular  contraction.  There  is  abundant  evi- 
dence in  support  of  the  jwsition  that  contraotilitv  is  the  rejiult  of  the. 
structure  of  thc^  muscular  fibre,  and  that  it  belongs  to  it,  and  is  not  a  spe- 
cial function  of  ner\'cs. 

When  muscular  fibres  are  touched  by  a  ix)irileJ  instruuieut,  they  ex- 
hibit coiitruulion  even  after  they  have  been  detached  from  the  body,  pro- 
vided tliat  too  long  a  jicriod  of  time  has  not  olapiHid.    If  it  be  of  tlie  stria- 
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ted  varietv,  tlie  bundle  that  liai)  been  diHlurhed  ali>ne  conlracte,  ,,,- 
and  presently  alter  relaxes  ;  but  there  la  uo  lateral  spread  or  iiw  nmirac. 
dift'uaion  of  the  cft'ect  to  adjacent  bundles,  except  in  the  case  leXantf'noi^ 
of  tlie  hnATt,  in  which  it  would  appear  tlmt  the  contraction  of  BtriAtedua*. 
one  part  is  diffused  laterally,  and  a  single  disturbance  is  fyl-  * 
Lowed  by  many  alternating  contructiona  and  relaxations,  siuiuLiting,  as  it 
were,  tlic  nonnal  function  of  the  whole  organ.  But  where  the  non-stria- 
ted form  i»  in  like  manner  exaininod,  the  contraction  takes  [dace  more 
slowly,  spreads  laterally  to  a  wider  cxteut>  and  is  followed  \iy  a  relaxa- 
tion. The  eflcct  of  an  intermitting  magneto-cloctric  current  is  dillercut 
in  the  two  forms  of  tifl«uo,  the  atrialcul  eontracling  and  keeping  E^eM  of 
coiitracled  as  long  as  tlie  action  is  kept  up,  but  tJie  cRect  ceasing  el«<-trical 
when  the  current  stops.  In  the  non-striaied  the  action  u  tardy,  '="'"''*•■ 
and  rcbtxatioiis  may  cnauc  even  while  the  current  is  jias-iing,  and  con- 
tractions continue  to  occur  after  it  has  stopped.  The  efiect  becomes  of 
more  interest  when  a  weak,  continuous  electrical  current  is  passed  through 
the  centrifugal  nerves  supplying  any  muscle,  for  then  the  whole  musclo 
contracts,  and  rcjuains  in  that  state  as  long  as  the  current  Hows,  if  the 
current  be  passed  through  the  ganglio]iic  centre  of  those  nerves  contrac- 
tion again  endues,  and  ia  maintnined  for  a  time  even  after  the  current  has 
ceasetL  If  the  current  be  sent  through  the  ceniriiK'tal  fibre,  alicrnate 
contractions  and  relaxations  of  the  nmacle  are  the  result  The  Interpret- 
ation of  theso  diHcrcnt  cases  has  already  been  given  (p.  276). 

Tlie  capability  of  contracting  continues  in  muscle  fibre  for  a  certain 
time  after  death,  a  period  which  is  shorter  as  the  rate  of  res-  F,,p,.ritii«ui 
piration  is  higher,  and  hence  these  effects  were  first  observed  "(''^I'fnni. 
by  Galvani  and  others  in  tlio  case  of  the  ii-og  and  cold-blooded  aniniuls. 
Even  after  it  has  disapjMjarod,  it  may  be  re-cstablisbt^  by  r„^.j,  -t, 
continuing  the  supply  of  arterial  blood,  as  Dr.  Hrown-Sequard  onirowti-8e- 
has  shown:  a  fact  which  illnatratta  in  a  striking  manner  the  ''"'^'^  ' 
independence  of  the  muscular  contraction  of  llio  nervous  system.  Of 
course,  as  woidd  have  been  expected,  whatever  interferes  with  due  arte- 
rialixation  interferes  with  muscular  power.  Tliis  is  the  reason  of  the 
inability  for  exertion  whicb  is  experienced  in  the  thin  air  of  mountain 
tops,  the  relaxation  of  tho  muscidar  system  in  asphyxia,  the  same  con- 
dition in  the  reapiralion  of  tho  vapors  of  ether  or  of  chloroform ;  it  is  also 
to  a  grcjit  extent  tJici  cause  of  tlic  wayward  aiid  staggering  gnit  of  the 
drunkard.  Tho  convej^o  of  tliis  likewise  holds  good :  llie  higher  the  rate 
of  respiration,  the  more  encrgc^iie  the  muscular  power;  and  therefore,  in 
birds,  which  respire  most  perfectly,  nmscular  contractility  is  exhibited 
with  the  greatest  energy. 

The  contractility  of  the  muscular  tissues,  as  being  indojwndent  of  ihe 
activity  of  the  nervous  system,  is  well  illustrated  by  tbc  reniarkable  ob- 
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ExporUnenu  flCTvalions  of  Pr.  Powlcr,  of  New  Orlcanfl,on  llie  automatic 
of  Dr.  Dowl«T.  movements  timt  sotnetimea  take  place  ai"ter  death  by  yellow 
fever.  After  respiration  had  ceased,  each  hand  in  succession  waa  o»P- 
ried  to  the  throat,  and  then  to  the  cmwn  of  the  head,  and  so  back  again 
to  the  breast.  In  another  instance,  on  being  stimulated  by  a  blow,  tlie 
arm  was  extended  upward,  and  the  hand  could  even  be  made  to  slap  the 
mouth  ;  or  when  the  leg  hung  down,  if  the  flexors  of  the  hamstring  were 
struck,  the  heel  was  drawn  upwaxd.  These  nianifestatiuns  continued 
for  between  three  and  four  hours,  and  even  occurred  in  amputated  Umba. 
.  Contractility  laalH  tor  a  different  period,  not  only  in  different  animals. 
Duration  of  ^"*  P^^^i  in  diftercnt  parts  of  the  aamc  animal.  Thus,  in  man, 
oontracutity.  jt  declines  in  the  following  order:  in  the  left  ventricle  first, 
ihcn  in  the  intestines  and  stomach,  the  urinary  bladder,  rig'ht  ventricle, 
(esophagus,  iris,  in  the  vohnitary  muscles  of  the  tnink,  lower  and  upper 
extremities,  and,  finally,  in  the  left  and  right  auricle  of  the  heart. 

Aasumiiig  that  the  diameter  of  each  muscular  fibre  is,  on  an  average, 
DlManw  At  ^^'^  -y,-)-^fl-CT  of  an  inch,  and  that  each  fasciculus  is  the  -j-Jg  of 
uriikhaniuwiLi!  ^j,  inch,  it  Hiav  be  inferred  that  oach  fasciculus  contains  about 
•need  liy  «  «^0  nbres.  J^ow,  smce  liie  nen-es  do  not  penetmte  the  sar- 
ncrvc  colemma,  the  iiitlnence  which  they  exhibit  must  be  efficacioae 

at  a  distance ;  and  if  we  take  the  maximum  mfaHurements  «-hIcb  have 
been  made  of  muscular  fasciculus,  we  may  safely  conclude  that  that  in- 
fluence extends  at  leautt  through  a  distance  of-^^  part  of  an  incli. 
It  is  not  necessary  for  us,  in  this  place,  to  enter  on  a  discussion  of  the 
functions  of  nerve  fibres,  whether  they  exert  a.  magnetic 
agency,  or  act  by  rise  of  temperature,  or,  from  an  abnipt  po- 
lar tcnnination  deprived  of  its  white  substance  of  Schwann 
peniiit  the  escape  of  tlieir  current  into  the  muscle  fibril,  and 
thence  into  the  corrcaponding  denuded  pole  of  a  centripetal 
nerve  beyond,  the  ciurent  being  detenuin'od  through  the  muscle  by  rea- 
ROn  of  the  better  conducting  power  of  that  structure.  The  immediate 
cause  of  muscular  contraction  is  to  be  sought  for  In  the  muscles  them- 
selves, and  this,  I  think,  is  much  more  obvious  than  is  generally  sup- 
posed. So  far  from  there  being  any  thing  mysterious  or  incomprehen- 
sible about  it,  as  some  writers  insist,  we  probably  eliall  not  be  very  far 
from  the  truth  if  we  aflsert  that  musrular  contracliou  ia  the  neceseary 
physical  tvjiult  nf  mnsrular  dfsinteffi-athiL,  and  «*ithout  here  considei^ 
ing  the  various  ways  hv  which  that  muscular  disintegration  may  be 
brought  about,  such  is  the  doctrine  that  I  now  present. 

Reviewing  the  rarious  conditions  under  which  contraction  occurs,  I  re- 
-.       .  gard  destructive  metamorphosis  as  the  primary  and  leading 

do  afinr  coB-     One-     Every  thing  seems  to  indicate  that  the  contraction  of 
a  fibril  can  not  take  place  without  the  loss  of  a  part  of  its 
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Wb*t8nceV«i^  ''>'*  ensues  even  in  tlic  artificial  niotiona  tlmt  are  estab- 
iUIied.  hy  etcclric  currents  Iii  aiiiputate<l  muscles,  us  is  BatisfsL-tonly  sliown 
by  tiic  ex[»ennicnts  of  lleliulioltK.  Of  theso  the  following  gynopsis  ia 
pven  hy  Vr.  Day  : 

"  Powerful  muscular  contractions  were  induced  by  passing  an  electric 
Carrcnt  through  the  amjmtatecl  leg  of  a  trog  oa  long  aa  convulsions  con- 
tinued to  be  maniltstcJ.  Tho  tlcjih  of  botli  legs  was  tlicn  analyzed. 
The-  albumen  was  appan^ntly  scarcely  affected,  the  mean  of  six  expcri- 
bents  giving  210  per  10,iX>0  of  alLiumen  in  the  electrized,  and  21^  in 
e  non-eJectrized  tleah.  VVitii  regard  to  tUo  extmctive  matters,  it  ap- 
mrcil  that  in  all  the  expeniiientH,  without  a  single  exception,  tlie  water 
tract  in  till!  electrized  Hcsh  was  diminished,  wiiite  on  the  other  llie 
pirii  and  alcohol  extracts  were  Incrcuiwd.  The  results  arc  expressed  in 
he  following  tables: 

C%mf  M  MurJt  a/Ur  Kltftrie  Omtfoflim. 
Aleohol  exima  ttom  100  parw  recent  frog'*  flenti. 


ten. 

A  ■■  •tMlrlud  pnilloD. 

ft.  Id  n»a-«lt«Ui>(il  pMrOnn. 

•  :* 

1 

0.762 

0.600 

l.»l:l 

3 

O.SC0 

IM27 

1.88:1 

3 

0.664 

0.481 

1.88:1 

i 

0.C52 

0.493 

1.33:1 

5 
G 

T 

0.57n 

0.483 

I J18 ;  1 

Kx:r 

ii>  ii-ii 

villi  Blcobiil  uf  'Jit  \mr  cent. 

1.020 

0.748 

1       IJW:I 

W'«Ut  Mtr«rt. 

IfpUll  ejitCMl.                      1 

a. 

t' 

at, 

'    A           )            6. 

«:lf 

UI 

l.i!:i 

O.T»:l 

1.69 

ij/a 

1.18:1 

8 

0.33. 

i.il 

o.;c :  1 

I.Sfi 

l.3fi 

1.22:1 

0 

tKii 

0.!H) 

0.80  i  1 

I.7C 

I.SS 

1.IS:I 

Ucu 

0.9& 

\.-ir. 

0.78 : 1 

1.70 

I.4S 

1.16c  1 

*•  The  amount  of  fat  was  unaffected.     No  ttrea  could  be  found  in  ihe 
>bol  extract. 

'  Thew  is  great  difficulty  in  performing  experiments  of  this  nature  on 
i-bloodcd  animals,  in  Miisequencn  of  the  rapidity  with  which  Jso- 
j)Ortion8  of  the  mn.icic  lo^f-  their  contrarlility. 
The  best  results  were  obtained  willi  decapitated  pigeons: 


0.  Ia  pJifiTlMd  niti*^'. 

^,  In  Bou«]«firtaHl  naadw. 

m:i        1 

W«ref  extract 
Spin:  oxincl. 

3.M 
Oi64 

1.68 

2.18 

ouia 

LAS 

.ssii 

IJ»:1 

*The  above  facts  sul^ciently  show  Ihat  muscular  action  is  always  ao- 
onpaidcd  by  a  chemical  citangc  in  the  composition  of  the  acting  mut** 
Ic**  It  appears  that  afler  electrization  the  alcohol  extract  incrcaacs  be- 
K-ecn  24  and  88  per  cent  ;  the  water  extract  diminishes  lietwecn  2-1  and 
10  per  cent. ;  the  spirit  extract  increaBcs  between  13  and  22  per  cent. 

I  therefore  regard  disinte^raiion  of  the  niusciJar  gtructure  as  the  priro- 
tive  act.  80  &i  as  ttie  libril  itself  is  concerned,  and  contraction  as  the 
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IbiuMii  «u»  necespsry  consequcncv.  that  lUfilntegratioa  tmng  bmn^t 
ilirontfh*wLifl  '^^"*  ^y  '^^^  oxidizing  agency  of  ortorial  lilood.  It  numi 
■ad  trpMir.  however,  be  borne  in  mind  tlmt  this  wante  ia  mulud  hj  iti 
incessAiit  irpair,  and  tlxal  its  condition  at  any  moment  of  ita  acdnn  tqufr  I 
sents  the  nctaal  balancing  at  that  instant  of  the  vrantc  and  Kpair  r- 
tpectivdy  ;  and  since  ilie  repair  does  not  proceed  with  llic  same  npiifitj 
aa  the  (WstructioQ,  it  nceda  must  follow  llial.  sooner  or  later,  a  point  will 
be  arrived  at  when  there  is  an  absolute  nccesiiity  for  repose  to  give  to 
the  renovating  procossos  the  opportunity  or  time  for  offiicting  «  oomjiHc 
restoration. 

Accepting,  therefore,  the  fact  that  a  fibre  can  not  contract  irithiMitlMi 
Uiuinsr  in        ^^  ''*  sabsfance,  and  regarding  that  loss  as  the  cause  andtkl 
vhirh  unino.  contraction  as  the  effect,  it  is  plain  that  whatc\-er  in^DOice 
no  onrunL       ^^^  accomplish  an  oxidation  will  produce  a  ahortcmugoftlH 
Hhn-.     Perhaps  it  may  be  that  the  nervo  tubule  docs  it  by  oocosiaBiqgij 
rific  of  teni{K>ralum :  perhaps  it  may  be,  if  nervea  do  not  aid  in  lotpt  | 
but  in  denuded  |)ointa,  by  the  current  escaping  into  the  musdafinHi 
those  pointSf  and  occasioning  such  an  allotrupic  uliange  in  the  contotii 
of  the  muscle  cells  bb  enables  ilie  blood  to  destroy  them,  in  the  nuiwr 
set  forth  in  Chapter  X.     With  such  theories  we  need  not  now  cm!w- 
rass  ourselves,  but  confme  our  attention  to  the  result  with  which  vtm 
ooDcojmcd,  that  is  to  say,  the  destruction  of  the  material  contained  tn  tie 
niuclc  ocUs*  which  destruction  is  practicalt/  brought  about  by  ihcic- 
oess  of  arterial  blood.     When  lliis  takes  place,  the  cell  aflected  nndtf 
goes  an  actual  diminution  of  siso,  through  loss  of  port  of  its  oonluied. 
tDateriol,  its  longer  axis  shortening  from  no  other  cause  than  the  cob^ 
sion  of  its  included  granules  thus  Huddenly  brought  into  play.     Tbeetil 
which  wc  Iiavc  under  consideration,  like  an  entire  muscuLu-  fasckabU) 
Raatorailon  of  P™««»6«  HO  power  of  active  dilatation,  and  so  nuriaiw  wW"^ 
dHoootnoHd  out  ohMige  until  it  is  stretched  by  similar  contractioas  t*t* 
ing  place  in  the  components  of  other  and  perhaps  distant 
ahtngonist  musulos.     Coincident,  hoM*cver,  with  this  dcstractton  ti  if 
interior  sultstance,  and  loss  of  its  proktc  form,  is  the  act  of  icpiir.  the 
ncdcns  of  the  cell  reproducing  other  grannies  from  materials  funiiskn 
by  the  bloofi ;  for  the  arterial  capillaries  not  oidy  bring  the  means  01 
oxidation,  but  they  bring  the  plustic  elements  of  nutrition,  and  eo  ^ 
mit  the  cell  to  recover  its  dimensions,  and  to  be  stretched  to  its  a"S* 
inal  shape  by  the  contraction  of  antagonist  librcs.     The  de«tmetioa  *^ 
almost  instantaneous ;  tUn  rcjiair  is  an  affair  of  a  little  longer  timet  ^ 
thus,  while  one  part  is  resting,  other  imrtinns  of  the  mtisniJiir  mass  t**^ 
up  tlie  action  in  succession,  one  after  another  contracting.     Such  i*  '^ 
first  scries  of  chnngrs;  let  us  now  examine  the  second. 

Kor,  as  the  result  of  that  first  stage,  there  has  been  a  liberation  ofp' 
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nets  of  oxidation,  which  axe  eventually  to  find  their  way  into  the  urinary 
soxaretion,  or  to  escape  by  the  respiratory  suriaces.  It  is  immaterial  what 
tlie  tirst  aH{>net  of  tiicse  sub»tanoes  may  be,  creatine^  urea,  extractive  etc  i 
this  much  is  absolutely  (wrlaiii,  tliat  tlu-y  are  on  the  downward  ou'cer, 
and  will  end  as  urea,  sulphuric,  carbonic  acid&  etc.  The  experimcnta 
both  of  Ileymond  and  Liebip  prove  that  the  rouBcloa,  when  at  pf^^^fj,.f 
test,  contain  no  acid  juice,  and  during  their  activity  it  ia  known  muacuiM 
tliat  the  degree  of  acidity  ia  proportional  to  the  energy  with  *"'"' 
which  llicy  liavo  been  contracting.  It  can  not  for  a  nionu-nt  be  sup- 
posed that  thi»  acidity  is  the  cause  of  the  contraction ;  on  the  contrary, 
it  ia  its  result. 

Among  the  products  arising  during  niUHcular  action  may  be  more  par- 
ticularly mcntionod  inosite,  or  muscle  sugar,  which  is  isomeric  inotit*  ami 
wilh  glucose,  and  creatine,  whicli.  though  it  containa  no  largt'-  '^=*''''«- 
a  proportion  of  nilrogi-ii,  nniHl  Ih!  r*'g:inlinl  aH  a  product  of  tlie  waste  go- 
ing on.  By  the  loss  of  two  atoms  of  the  element  of  water,  it  gives  origin 
to  creatinine,  which  is  accordingly  found  in  the  muscle  juice,  the  blood, 
and  the  urine.  Indeed,  these  two  aubAtanccs  ecem  to  be  inversely  pro- 
portional to  each  other. 

The  ^mrtial  oxidation  which  has  given  rise  to  (liesc  various  products 
can  not  occur  witliout  an  elevation  of  temperature.  .\  Kccond  stage  of 
the  process  of  muscular  action  consists  in  the  removal  of  the  heat  and 
of  the  partially  oxidized  bodies. 

Wc  have  only  to  look  at  the  minute  anatomy  of  the  parta  under  con- 
mdcration  to  recogni;^  the  manner  in  which  this  double  nv  CetiHwiioftbt 
nioval  is  accomplished.  The  arterial  capillaries,  when  they  "Jf**  ""'*,,**}* 
break  up  for  their  ftnal  distribution,  nin  parallel  with  (he  ihn  Mvod. 
muscular  fibreg,  as  also  do  the  attendant  veins.  From  one  lo  the  other, 
at  short  intcrvaU,  as  seen  in  J^'iff.  227,  intercommunicating  vessels  trans- 
versely pass,  the  whole  being  arranged  on  f^uch  a  Bystwn  as  to  afford 
the  readiest  means  of  removal  of"  the  blood  as  fast  as  it  Ijecomes  venous 
— a  facility  of  removal  of  the  last  importance  for  carrying  off  the  wasted 
products  of  oxidation ;  and  in  this  manner,  those  products,  wliate^'cr  they 
may  in  the  first  instance  be,  find  a  ready  means  of  cBcapc,  and  so  the 
muBCuhtr  fibre  by  ilt^reeu  is  relieved  trom  these  results  of  functional  ao- 
tivity. 

Aa  for  the  heat  which  has  arisen  in  a  secondary  way  from  the  meta- 
morjihosiB  which  has  been  going  on  in  the  fibre  that  ia  in  like  manner 
extracted.  Tt  is  diftiiTull  to  coneeive  of  a  more  etTetTtivc  method  by  which 
the  heat  could  bo  taken  away  from  the  wasted  fibre,  or  indeed  wc  might 
say  from  the  interior  of  the  whole  mass  of  the  mnscle.  ITie  current  of 
venouB  blood  boars  away  with  it  not  only  the  products  that  have  arisen 
in  the  oxidation,  but  likewise  the  heat 
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It  ts  probatilc  tliat  one  caiuc  of  ccsRation  of  muacular  contraction  in 
Eflfaci  uf  •'.•cu-  any  one  point  of  a  fibre  is  the  momcntaTy  liccum illation  of 
mnJAiion  tj^  wasted  material,  na  niiclit  be  illustrated  in  a  coarse  manner 
(Ul.  by  tliu  difficulty  of  cauaing  a  lire  lo  continue  burning  when 

the  a^bes  are  pennittcd  to  accumulute,  and  the  ncc«s»ity  of  their  removal 
before  the  coinbustion  can  go  on.  Two  separate  events  bav«  to  occur 
belbre  a  tiltril  lliut.  has  been  in  contraction  is  ready  to  contract  again: 
these  are  Uio  removal  of  the  oxiUixed  products,  and  tliu  renovation  of  the 
interior  of  the  cells.  The  two  probably  go  on  coincidently,  the  reins 
taking  one  jmrt  of  the  duty,  and  the  arterial  capillaricj  the  other. 

In  nori-filriatcd  nuisoular  fibre,  in  which  the  i^upply  of  bloo<1-vc.S9cU  iM 
Tfcniiimty  In  niucli  Icsg  copioug,  there  is  a  possibility  for  a  lateral  propa- 
«f  i^^wtd  g^l'on  ot'elfeet,  becauise  of  the  pos»il«lily  of  the  kleral  prop- 
abrti.  agalioa  of  the  lieaL,  either  suppUed  directly  from  the  nerve 

tubule  or  arising  from  the  oxidation  going  on.  The  ^luggi^^hncss  of  its 
lirat  contraction,  the  longer  conliimance,  the  pro()agaiion  frbni  fibre  to 
fibre  latcrHlIy  until  the  (ift'ect  wcjuti  out  or  la  nvenforced  l)y  some  now 
stinnilus,  might  ulinost  seem  t<j  be  llio  nccessarj'  rcaiilt  of  the  imperfect 
supply  of  arterial  blood,  the  shigeish  removal  of  the  products  of  waste, 
and  the  more  perfect  opportunity  for  the  difi'usion  of  Iieat.  This  doc- 
iriiic  therefore  meets  with  a  very  happy  Uliwtration  in  the  plumomenon 
displayed  by  the  contraction  of  the  two  kinds  of  tibre. 

It  may  still  farther  illustrate  these  views  to  examine  tliat  oilier  variety 
llh.riliniic  cnn-  of  coutraclioii,  rhythmic  in  iU  nature,  which  is  ejchihited,  fur 
wat-iwiiB.  example,  by  tlie  heart,  of  wliich  it  may  bo  said  that  the  tibraa 
show  a  eimullaneous  contraction  alternating  witii  periods  of  re]>ase,  ooo- 
tmction  and  relaxation  succeeding  each  other  at  dcHiiitc  intervals,  iii 
as  wc  liavc  just  aoid,  the  cessation  of  contractility  arii^cs  from  the  mo- 
mentary accumulation  of  products  of  waste,  and  the  capacity  tor  its  re- 
newal is  due  to  restoration  of  the  original  state  by  nufriliyn,  rhytlimic  ac- 
tion may  follow  as  the  consequence  of  an  arrangement  of  muscular  librils 
ivith  an  adjusted  supply  of  arterial  and  venous  capilhu'tcs.  An  original 
excitation  producing  a  contraction  can  not  act  in  a  iR-nnancnl  way,  for 
the  result  of  lliat  contraction  is  an  accumolation  of  wasted  malertid  whiclt 
must  he  removed.  It  may  require  but  a  moment  for  the  removal  to  take 
place  lo  a  sufticient  extent  to  enable  the  original  disturltanec  to  act  once 
more,  and  be  checked  in  its  action  again.  Whatever  value  there  may 
be  in  such  explanations  as  these,  tjiey  undoubtedly  gather  a  deep  inter- 
est from  tluis  enabling  us  to  comprehend  that  it  i.s  possible  to  resolve 
*uch  mysterious  phenomena  as  rhythmic  periodicities  into  the  results  of 
ordinary  mechanical  laws. 

But  the  quuKtiun  icturns  upon  as.  Admiiting  the  descriptions  that 
have  now  been  given  to  be  a  true  representation  of  the  facts,  and  also  of 
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tlicir  natural  ECqucnce,  what  is  tlic  actiuU  physical  cause  of   p^. ,,, 
llic  sliorti.:iiiiig  of  tlic  inuHCular  libril  ?     All  that  wu  liave  exictiiivemuib 
thus  far  said  can  be  received  at  the  best  as  only  a  statement  '"''l*"^""'™^- 
of  a  Bucccsiiion  or  order  of  laets.     To  aay  that  that  shorten-  mu«cuiur 
iiig  is  the  direct  consequence  of  loss  of  material  involves  us  "**'"" 
Bt  once  in  ihc  intjmry  whether  it  be  jiossible,  through  the  dej»triictioii  of 
80  small  an  amount  of  material  as  we  know  to  occur,  that  any  thing  like 
the  re(iuireJ  extent  of  motion  could  be  produced.     Could  a  muscle  be 
made  to  tthorleu  several  iudieu,  and,  ujioti  tiivno  principles,  los-c  only  an 
ins igiiili cant  amount  of  wuij^ht,  the  shortening  being  nevertheless  the 
eonaccjuencc  of  that  loss  of  weight  or  destruction  of  substance?     To  an- 
swer this  inquiry,  we  have,  in  the  first  place,  to  reiaitl  (he  fact  that  a 
whole  mnsclo  is  never  in  conlraelion  at  once,  bat  only  an.  insigniticont 

Lportion  thereof,  one  bumUe  of  fibrils  after  Another  taking  up  the  action  in 

'Succession,  and  each  partii-^ular  Jibril  undergoing  change,  not  tlirougliout 
its  whole  length,  but  only  in  isolated  portions  here  and  there.  We  have, 
moreover,  to  Vccall  the  iii;*ignifn.-3nt  weight  of  ihe^e  fibrils,  for  a  simple 
compulaliuii  will  ehow  that  thirty  thousand  of  them  a  foot  long  wtugli 
only  a  single  grain.  To  these  recollections  wc  should  add  the  intense 
of  the  molecular  force  of  attraction,  as  displayed  at  such  distances 

Pu  those  which  we  have  here  under  consideration — ^listances  which  we 
mfty  regard  as  being  virtually  inappreciable,  and  those  recollections  place 
the  problem  in  its  true  light,  and  set  it  in  its  pro|XT  attitude  before  as. 

For  it  is  capable  of  demonstration  that  muscular  contraction  ensues  as 
the  direct^consequence  of  destruction  of  muscular  sulwtance,  and  that  a 
great  linear  extent  of  movement  may  be  aceoniphrthed  by  the  removal  of 
an  insignificant  amount  of  substance.  If  100,000  tibrils  lost  one  third 
of  their  entire  substance — a  thing  which,  of  course,  could  Bcarct-ly  take 
place — the  diiiiinulion  of  weight  would  only  amount  to  a  single  grain. 
Our  conception  of  this  action  may  perhaps  be  rendered  clearer  by  an  il- 
lustration. If  wc  had  an  iron  thread  of  excessive  tenuity,  iiimiMtion  of 
compOiScd.  for  instance,  of  a  single  row  of  iron  atoms  set  end  Vii  aii»«7e"^ 
to  end,  and  could,  by  suitable  processes,  effect  the  removal,  fliTc. 
here  and  llierc,  of  atoms  in  the  line,  an  instantaneous  contraction  would 
be  the  resultf  the  thread  shortening  in  proportion  to  the  number  of  atoms 

'  nemoved,  but  shortening  with  an  etiergy  eommensurale  with  the  cohesive 
jrce  of  lhc  iron  itself,  and  yet  ready  to  return  to  its  original  length  the 
moment  that  fresh  iron  atoms  pranent  themselves  to  be  introduced  in  the 
place  of  the  abstracted  ones;  and  so  with  nmsiriilar  fibre,  the  molecular 
force  of  cohesion  developed  here  and  there  by  tlio  removal  of  tissue  is  to 
be  measured  only  by  the  cohesion  of  the  fibre,  though  the  loss  of  male- 
rial  which  may  have  been  the  cause  of  that  forw  coming  into  play  may 
bt:  very  small  indeed ;  nor  does  the  (quickness  of  rclusAtion  present  any 

If 
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(lifliculty  when  we  con&idcr  (he  rapidity  with  wltich  iritarstitial  na 
takcg  place,  nnd  the  small  qiumtit}*  ot*  matter  ia  lie  snpjilicd. 

We  have  now  analyzed  the  phenomenon  of  masctilar  contnictJon,  uitl 
_       ,  8«t  forth  the  conditions  on  which  it  depends.     These  vre  ma' 

meat  ot  tJii*  here  reproduce  logctuer  for  th«  more  diatincl  continuaiion 
^**'^  the  argument.  The  priniarr  act  is  the  destruction  of 
tiiuEcular  material  by  the  agency  of  arterial  blood;  an  incipient  oxidatioa 
sultiug  ini  the  wasting  {>arlicIi>H  can  ]io  longer  retain  ibc  places  they  ban 
occupial.  They  have  lost  thfir  hold  on  the  parliclc«  witli  whicli  tlic/ 
wcra  associated.  At  that  instant  molecular  attraction  comoa  into  pUy. 
and  iihortcning  of  the  fibre  ts  the  result  The  wasted  material  is  alresilr 
being  absorlicd  by  tlic  venous  capillanes,  and  already  repair  it  taldi^ 
pUc«  by  the  introduction  of  new  6t»inou8  niHterial  from  the  orleriiJ 
blood ;  but  the  renewal  or  n!]Miir  prooe«dt»  much  more  slowly  tlian  tlr 
removal  of  the  waste;  the  latter  eflcct,  us  might  be  intVrrod  iVom  wlul 
has  been  said  under  the  head  of  absorption,  occurs  almost  instantly,  tl» 
fonner  gradually :  and  thoii  muiM-ular  contraction  pTcsci)t<t  itself  as  a 
ccmpoaito  result,  depending,  nndcr  normal  circiim.«>tftiicc9,  partly  on  oxi- 
dation, partly  on  removal  of  waste,  j»rtly  on  repair  by  nutrition,  yet » 
that  if  anyone  of  these  conditions  be  interfered  with  it  can  not  take  pUcf 
At  alL 

I  can  not  at  this  point  avoid  offering  a  criticlam  on  the  cxperinwntF 
v«hiii«  i>rm  ^y  which  it  has  been  attempted  to  prove  tliat  a  mnBcIe,  when 
mittd«ttfi>r  it  contract&loBcs  none  of  its  bulk:  the  loss  tliat  doej  in  nal- 
ity  occur  is,  it  is  true,  very  mmute,  perliaps  so  nunuje  that,  m 
the  eoarac  appmratus  which  has  been  resorted  to  in  these  experiment*  it 
/VEt*.  would  be  altogether  inappreciable.  Such  a  contrivincei* 
represented  in  J^t/.  2'29,  in  which  a,  a  Is  a  wide  tube  fff 
containing  the  muHcle,  ff ;  it  is  also  to  be  filled  with  naler, 
nnd  from  its  side  a  narrow  tube.,  r/,  projectSf  the  «al^ 
reaching  to  some  sucli  })oiut  aa  e.  Tlie  tube,  d,  a,  btiiig 
closed  at  both  its  extremities  water-tight  by  means  of  c<ffk*- 
d,  c,  whenever  l\v  muscle  Js  made;  to  contract  by  an  elP?" 
trie  current,  applied  by  mcan4  of  the  spring  wires, /'/t  **" 
otherwise,  if  enlargement  ocfUiTed  the  water  would  ri«e  •* 
<r,  and  if  diminution  it  would  descend ;  but  as.  upon  triiL 
it  is  found  that  no  movement  whatever  luke^  place,  it  )>*^ 
liecn  inferred  that  the  volume  of  the  muscle  remains  m- 
ciiangod.  But  no  oom|)en*stion  whatever  for  tcmijenttwe 
ia  provided  1  Yet  it  is  iwsitivoly  known  that  when  a  b'O*' 
cle  contracts  it  becomes  warm,  and,  doubtless,  tlHise  i^ 
togaJSfc  »trumenl8,  if  delicate  enough,  would  have  led  to  tlw  |*^ 
jMMlerous  conclusion  that  a  muscle  after  contraction  ia  larger  thaa  i'^SL 
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bt'-foro.  But,  even  setting  disturbances  of  tcmpcraluro  aside,  such  cx- 
pcrimcnld  are  of  no  kind  of  value,  since  llicy  contain  no  provision  for  Hxe-. 
removal  of  the  waited  inulertal  of  the  muscle,  which  stiJl  contiuuca  a  part 
thereof^  though  it  has  become,  to  all  intents  and  porposcs,  extraneous, 
and  MTOuld,  if  in  the  living  system,  have  been  instantly  removed  by  the 
veins. 

And  now,  by  the  aid  of  these  doctrines,  we  may  comprehend  tlie  fiill 
signifiaincu  of  those  conditions,  which  have  been  long  known  „ 
tophysiologists,whieii  luive  cast  sucii  a  mystery  over  musca-  DTpinUlhjs 
lar  contraction,  and  led  to  such  a  diversity  of  views  as  re-  !»"*••«■ 
iSpects  its  tnic  explanation.  We  soe  tlxat  they  wen;  right  who  asserted 
that  muscular  contraction  is  a  tunction  of  nutrition,  though  they  weiT 
wrong  in  saying  that  it  is  therefore  of  a  vital,  and  consequently  of  an 
inexplicable  nature.  They,  too,  were  right  who  asserted  tliat  muscular 
contraction  depends  on  respiration,  and  that  the  higher  the  rate  of  that 
function  the  more  energetic  the  muscular  power  will  be.  They,  too,  were 
light  who  aeserted  ttiiat  muscular  contraction  is  manifested  by  a  waste 
of  tissue,  and  tliat  that  waste  may  be  measured,  if  certain  corrections  are 
applied,  liy  The  (jiiantity  of  urea  and  suljihuric  acid  in  the  urine.  They, 
too,  were  right  who  asserted  that  there  is  a  connection  >)etween  the  ccv 
ngulflbility  of  the  blood  and  the  energy  of  muscular  contraction  in  the 
various  tribes  of  life,  for  the  speed  of  repair  depends  on  tlie  percentage 
of  fibrin  in  the  blood,  and  so,  too,  does  the  speed  of  coagulation.  They, 
too,  were  right  who  asserted  the  connection  between  muscular  contrac>- 
tion  and  liic  speed  or  slowness  of  the  circulation  of  the  blood.  AU  these, 
and  many  other  partial  hypotheses,  ore  the  necessary  conscqucnoes  of  the 
moi-e  funeral  doctrine,  that  muscular  contraction  is  the  result  of  loss  of 
muscular  substance 

Them  remains  a  phenomenon  to  which  our  attention  has  to  be  dtTect> 
ed  in  the  conclusion  of  this  anhjcct.  It  is  the  contractions  ,.  , 
which  may  be  observed  under  the  microsropc  when  a  fascicn-  iirvduoed  ij- 
luB  is  submitted  to  water.  These  contractions  commence  in  """■ 
isolated  places,  from  which  they  spread  in  all  directions,  and  so  move 
about  from  end  to  end,  often  interfering  with  one  anotlier,  the  fasciculus 
thickening  where  the  contraction  is  greatest,  and  ovcntaally  the  whole 
length  becoming  involvwl.  The  ultimate  degree  of  contraction  tliat  can 
be  readied  reduces  the  tasctculus  to  one  third  of  its  original  lengtli.  Willi 
tliis  contraction,  throu^  the  agency  of  water  or  other  such  liquids,  we 
may  connect  those  contracrions  which  ensue  under  the  pressure  or  dis- 
turbance of  some  hai-d  body,  as  by  the  touch  of  a  pift. 

From  these  cases  it  might  be  supposed  that  muscular  contractility  can 
lake  place  independently  of  chemical  destruction,  but  a  more  critical  ex- 
uuiiuation  of  them  will  satisfy  us  tliat  they  ensue  as  the  tiatxiral  conse- 
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i]aanccs  of  tiie  proceding  vtcw».  They  arc  not  to  be  regarded  JU  pure  ^ 
micoinjiJicated  inanife^tatiuiis  oftlu)  qua]itt(^8  of muficiilar  6bre  ttsult',  but 
u  the  oonscqnenoes  of  the  impression  that  lias  been  made  upon  H  b^  the 
treatment  tlirnugh  which  it  has  passed.  The  prc]>aration  of  a  fasdcohis 
can  not  be  made  without  cutting  or  rending  the  parts,  mutiliiting  tiie 
nerves  of  supply,  and  totally  destroying  the  functionn  of  tlie  arteries  and 
\'eins.  In  the  act  of  exsccting  surh  a  fascicuhis,  the  distarbanco  im- 
pressed upon  it,  however  great  it  may  be,  is  never  fully  answered  lo  by 
the  due  amount  of  eontructiou;  for  with  the  dealruetioii  of  tlie  vascular 
mcchaniftm  there  are  no  means  of  removing  the  products  of  waste,  and  con- 
tmction  can  not  go  on  to  ita  full  comptetion,  but  in  this  condition  the 
tiisciculus,  placed  in  water,  graduidly  gives  up  here  and  tlicre  the  prod- 
ucts of  waale,  and  with  tlicir  reiiiuviU  the  opj)ortiitiity  arises  for  tlie  re- 
maining muscular  elements  to  approiich  one  another,  and,  finally,  com- 
plete contraction  eniiucs;  a  contraction  not  due  to  the  immediate  action 
of  the  water,  but  to  the  change  impressed  ■a\>on  tlic  fasciculus  by  the  ojh 
«nition  for  its  exsection. 

So  as  regards  disturbance  by  the  touch  of  foreign  bodies,  we  mi^t 
Cflncnieiitm  recall  tiiose  numerou.s  iiisimicufi  known  in  chemistry,  in  whicti 
by  touch,  decompositions  or  other  mechanical  resulls  are  brought  about 
in  a  similar  way.  The  diflcrent  coni|Munds  whicli  undergo  explosive  de- 
composition by  the  lightest  friction  might  furnish  us  with  illustrations ; 
but,  in  this  instance,  the  etTect  is  more  purely  mechanical,  and  arises  from 
the  forced  equilibrium  into  which  the  faftclculus  has  fallen  by  the  act  of 
exsectiug  it  being  more  or  lc*8  jjerfectly  overcome.  The  elements  of  a 
part  of  a  fasciculus  arc  brouglit  by  thjit  touch  within  a  nearer  range  of 
one  anotlicr,  the  products  of  wa^tc  which  had  failed  to  eacape  because  of 
the  destruction  of  the  absorbent  function  of  the  veins  are  preitsed  aside. 
one  motion  gives  rise  to  atiothcr,  a  worm-like  action  spreads  here  and 
there  irregularly  through  the  IcTigtli.  juid  ends  in  a  final  contraction. 

Connected  with  the  phenomena  described  in  the  preceding  paragraph 

.     is  that  cenernl  rijndity  of  the  muMclcs  which  occurs  a  certain 
Rlgwr  nionla.     .„,,,,  ,  _,  . 

time  alter  death,  and  hence  known  as  rigor  mortis.     This 

usually  commences  in  the  lower  jaw  and  neck,  invading  next  the  upper 

extremities,  and  reaching  eventually  the  lower  ones.     After  conlinaiug 

for  a  period  longer  in  pmportion  to  the  lateness  of  its  begitming,  relasa- 

tioft  ensues,  tlie  parts  being  aflected  in  the  same  onlor  as  they  were  made 

rigid.     The  rigor  mortis  sometimes  begins  as  soon  as  ten  minutes  after 

death*  aomelirries  il  is  po.4lponed  as  long  as  seven  hours.     In  those  irho 

have  died  of  chronie  diseases  it  occurs  and  ceases  very  quickly.     Both 

classes  of  muscles,  striped  and  nnstripcd,  are  affected  by  it,  and  when  it 

is  over  they  present  on  unresisting  and  lax  condition,  and  putrefactive 

change  presently  sets  iu.     Even  al\er  cadaveric  rigidity  has  been  as- 
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sumed,  the  contractile  power  of  muscles  may  V«j  rcjitorcti  by  furnishing 
lliem,  through  a  ttnitable  armtigt^ment,  arterial  btnoti ;  for  this  fact  wc 
arc  indebted  to  I>r.  Rrown-Scquard,  his  expcrinientg  having  been  made 
both  upon  man  and  animals.  The  itrlcriol  blood  employed  assumed, 
during  U»  passage  through  the  limb  which  wmi  the  subject  of  tlic  trial, 
the  venous  character,  and  issued  of  a  dark  color.  This  restoration  of 
contractility  was  by  no  means  impertect  or  transient;  in  one  instance  it 
contiiuied  for  two  hour^. 

By  means  of  tendon  the  muscles  arc  attarhed  to  the  skeleton,  which 
constitutes  the  solid  framework  of  the  system.  Operating  r-  -_  h  ^ 
thus  through  the  skeleton,  the  muscles  arc  enabled  lo  keen  miudr  (or  lo- 
the  entire  Iwtly  in  the  erect  or  standing  position,  and  also  to  '™'"""™- 
give  it  locomotion.  The  conditions  of  standing  and  locomotion  have  been 
well  studied  by  the  brothers  Weber,  the  following  being  a  brief  tiyiiopiiis 
of  their  tstatcmeiits. 

In  man,  the  power  of  standing  implies  the  conservation  of  the  line  <4' 
direction  of  the  whole  body  within  the  narrow  basis  covered  by 
the  feet  and  lietwecn  them.  The  fiead  is  balanced  on  the  at- 
las so  nearly  tmdcr  its  centre  of  gravity  that  no  ligainentum  nachs  is 
required,  as  in  the  case  of  othej-  animals,  to  prevent  it  from  falling  foN 
ward.  Nevertlieless,  a  forward  motion  can  be  executed,  amounting  to 
about  75  dcgn^cs  from  the  perpendicular,  and  a  latentl  motion  right  and 
lefi  of  from  46  to  50  degrees.  In  standing,  the  weight  of  the  entire  body 
is  transmitted  perpendicularly  to  the  feet.  These  n-at  on  the  heel  and 
the  fore  ends  of  the  metatarsal  bones,  esfiecially  of  the  great  and  little 
toes,  and  on  the  points  of  the  toes.  The  general  centre  of  gravity  of  thr 
entire  body  is  a  little  almvc  thr  trflnaversc  axis  connecting  the  heads 
of  the  thigh  bones,  and  for  equilibrium  to  l>c  maintained,  a  jicrpcndicnlar 
line  drawn  from  tliis  centre  must  always  fall  within  the  basis  inclosed  by 
the  contour  of  tlic  feet. 

Kveu  in  the  most  pertect  condition  of  revt  that  we  can  assume  while 
maintaining  the  standing  position,  a  grejit  many  separate  muscular  acta 
are  necivsurily  rtrquired.  A|;art  from  tliosc  little  voluntary  changes 
which  are  incessantly  occurring,  the  rhythmic  action  of  the  muRclea  in- 
volved in  respiration,  especially  those  of  the  abdominal  walls,  is  perpet- 
ually changing  the  position  of  the  centre  of  gravity,  and  therefore  those 
muscles  which  are  employed  in  keeping  the  spine  erect  arc  obliged  to 
assume  an  antagonizing  rhythmic  action.  This  is  at  once  tlic  reason  of 
the  I'atigue  we  experience  in  long  stajiding,  and  of  the  difliciilty  which 
iiilants  eneotuitcr  in  their  utteuipts  to  maiulain  the  erect  position. 

Xu  walking,  the  li^  act  like  a  pair  of  pcndolums.  The  head  of  the 
tliigh  bone,  which  is  their  centre  of  motion,  is  held  in  its  sock- 


et, not  by  muscular  exertion,  nor  by  its  ligamentous  arrango- 
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montA,  huf  by  tlie  pressure  of  tlic  air,  a  fact  tluit  may  be  prav«d  by 
■implf!  experiments.  It'  the  pressure  of  the  air  bo  ruinuvcd.  as  in  an 
bauftted  roccivcr.  spontaneous  dislocation  ensues.  The  tnink  of  the  bo^>^ 
ii  like  a  rod  halanocd  on  an  axis  passing  tlirougli  the  hip  joints,  and  ^^md 
vancingwith  the  movement  of  the  legs  like  a  rod  bobuiccd  on  the  tip  ^^n 
the  finger.  It  is  inclined  forward  ot  backward  in  corrcipondence  wt  i 
the  motion  or  with  the  resistance  of  the  wind ;  if  the  wind  blows  in  fny  -n 
wo  Icon  forward ;  if  behind,  we  lean  backward:  the  angle  of  inclination  b^^ 

ing  ill  proportion  to  its  force.     In  walking  there  are  two  distinct  period ^ 

the  body  is  first  poised  on  one  of  the  limbs,  and  then  rests  fora  mnnii^  m 
on  both.     Tho  advancing  limV>  swings  like  a  pendulum,  bending  at  tL3ii 
knee  so  as  to  1)0  shortened  one  ninth ;  the  oilier  siraighLcning  at  iba  ki^^ 
and  hip  joint,  and  so  pushing  the  pelvis  and  trunk  forward  to  be  receitr-^ 
on  tlie  limb  that  has  just  advanced.     It  is  only  in  slow  walkii^  that  S:  lie 
whole  arc  of  motiiin  i»  swung  through,  the  time  occupied  being  two  thix-x/j 
of  a  second.     In  quick  walking  and  running  only  half  a  vibtution  is  ^us 
oomplished.  and  this  in  half  a  second  of  time.     In  slow  walking  each  fool 
rests  u{K)u  tlic  ground  one  third  of  a  second.     The  longest  step  made  u 
half  the  entire  span  of  the  two  extrcmitica.     To  prevent  swaytog  frmn 
aide  to  side,  ihe  arms  swing  with  tho  legs. 

In  running  there  is  a  moment  when  both  feet  are  off  the  gtMuid  u 
oncA,  and  the  body  actually  projected  into  tlie  air.  In  mdk- 
ing  there  is  a  moment  when  both  feet  are  on  the  gronnd  1^ 
gether,  tlio  one  not  being  raised  till  the  otlutr  ie  planiod.  In  mnning  tk 
steps  are,  on  an  average,  twice  as  long  as  in  walking  ;  and  the  nunbot 
of  steps  made  in  a  given  time  in  running  and  walking  respectively  » ■> 
8  to  2. 
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CILVPTER  L 

or  THE  PRINCIPLE  OF  OIWANIZATION.  OB  PLASHC  POWEB. 

"*  oa  iim  .SbWi-mwh  of  lltyntJa^. 
iifmi  Oryamc  Farm. — Thrtr  Afodri  of  lirrrfopmntt. 

WMyMfcj  l)ie  tprriat  Prinriphi  of  Oryamuatioa.'~-Ifftutratitm/ivm  iht  Gromh  iff  a  Pbrni 
iMutma*  and  /Jylit.—/ii/rmtct   rt»prtliay  JloMtic  f^arrr :  iti  ^'nture  totd  jPropertin,r~- 
Of  lAr  onHuarji  Gtva'th  u/*  u  I'tiHl,  laui  lit  SfmriVf/h/m  irbicii  it*  UutniaU  art  tkriutd. 
of  aU  fjtifauitin*  Ui  nuh  tithrr. 
tiftSf  iiartnnr  of  a  t'Uteiic  ¥^>icir,/hm  OaitMtratiuf  rtgar^big  tJW  I»iBriJmi&ty 
;0  iiimi. — Pimitan  Opaatioiia,  not  Jndivyhala, — /'iytiivi  UltMratian  ^tii*  Virtr. 

mjufimf  t^  yatim  tff  ihx  I'tattie  Pevo' i  tittt  it  U  a  amtiimd  Manifestation  of  tm 
llwi  Jiiif  phftienU  laiprutitm. 

Hf^iakding  physiology  aa  a  branch  of  natural  philoaopliy,  I  have  been 
ed  in  tlus  work  to  introclucu  tliu  methods  oi'  considering  it  DKUionaof 
hich  are  familiar  to  wrilcra  on  meclianica:  for,  as  there  arc  v^y*'^*>iff- 
Jwo  distinct  divisions  of  that  Bubject.  «u«ording  as  we  treat  of  the  eqai- 
ibriani  or  the  motion  of  inorganic  hodioii,  so  likewise  there  moat  be  in 
Aysiology  a  statical  and  dynamical  branch,  tlie  one  including  the  con- 
littona  ol'e([utIibnum  of  au  organized  fonn,  the  other  those  of  its  devel- 
ipnient — development  being  no  more  than  its  motion. 

If  we  estflbliah  this  subdivision  in  physiology,  eitnilar  advantages  will 
oabtless  be  obtained  for  this  Bcience  as  those  winch  no  Admugaoi 
piickly  accrued  to  mechanics  after  (ialileo  had  fonnally  in-  ibu  iiiTUioa. 
uceA  the  same  [tarliiion  therein.  Moreover,  in  this  case  there  are 
Uatcral  reasons  not  applying  to  that.  Whatever  may  be  the  viewo 
hich  the  advance  of  science  causes  ug  to  take  of  the  variooa  functions 
Uiuing  a  living  auiiual  in  its  uormal  statti — whatever  may  be  the 
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general  conception  wc  entertain  of  ibc  natnre  of  its  equilibrium,  itTt 
scarcely  possible  to  {»%5«nt  the  subject  in  a  maimer  tkitt  will  cvtuadv 
with  tiie  diversitied  views  of  the  profeesion.     It  is  almost  excliuivdv 
with  statical  phvaiology  that  the  physician  ha«  to  deal.     The  heabliy 
and  diiH'asod  states  of  the  ap[>aratufi  for  digestion,  absorption,  re^int- 
tion,  circulation,  innervation,  etc.,  arc  the  things  with  which  he  a  coa- 
cemed.     It  i»  respecting  these  that  his  nund  is  Kllcd  with  the  eaHr  pirf* 
□dices  of  Ilia  education,  and  that  his  social  ncccssittt-d  compel  him  to  ex- 
preu  with  deciaion  opinions  nnsuitcd  to  a  close  philosophical  exunint- 
Hon.     Tie  is  to  be  pardoned  for  the  my^titication  which  circumBUDW* 
oblige  hitii  to  cast  upon  the  subjects  of  his  study ;  for  resorting  to  the 
vital  principle  as  an  cxplauatiuit  of  bis  difficulties ;  and  for  throwing  upon 
ihc  nervous  system  the  burden  of  every  thing  tor  whicli  the  imperfiect 
state  of  physiology  does  not  enable  him  to  account.     He  is  not  to  ^ 
lilatmnl  that  the  ein:um.4taiiccj4  under  which  he  ia  pUccd  coni]ici  him 
appc«r  to  know  more  socially  than  be  actually  does  know  philost^ihiodl^*' 
and  where,  under  such  a  false  jiosition  of  things,  men  have  beoi  spet*' 
ing  their  lives,  it  is  not  at  all  extraordinary  that  they  should  resist  a^^l 
attempt  at  a  reformation  which  strikes  at  the  very  existence  of  the  dcv^ 
trines  tbey  have  adopted,  and  to  which  they  stand  committed.     The  < 
physician  must  have  his  vital  principle  and  his  nrjrvous  agent,  or 
must  begin  the  alphabet  of  his  studies  again.     If,  theret'ore,  statical  phy^ 
iology  stood  alone,  it  mtist  depend  for  its  progress  in  the  gradual  reuor - 
of  error  and  introduction  of  truth  njion  one  generation  of  physicians  sb-< 
oeeding  another ;  but,  fortunately,  there  is  a  circumstance  whicH  aid» 
in  this  march,  for  the  great  branch  on  wliich  wc  are  now  entering  pt 
scuts  connections  and  considerations  of  a  more  puruly  philosophical  klnC^^ 
free,  at  all  events,  from  the  entanglements  of  professional  inlenosta. 
pabic  of  Iwinp  treated  in  the  rigid  manner  of  the  positive  sciences,  and 
moved,  by  rcjison  of  the  nature  of  the  topes  with  which  it  is  conccmc 
from  the  strifes  of  medical  sectarianism,  this  noble  subject  can  develc 
itself  in  silence,  without  disturlwince  and  without  restraint ;  and  yet  sncl 
an  advance  can  not  take  place  without  compelling  a  rctlecled  effect 
ensue  in  statical  physiolog;^',  and  hastening  the  time  when,  by  the  unite 
consrjit  of  all  physicians,  it,  too,  will  be  cleared  from  every  mystificatioii^'^ 
and  liTought  within  the  pale  of  exact  and  positive  science.  J 

In  the  preceding  Imok  wc  liavn  investigated  the  condiiiona  of  ib^^^ 
CMnerotnnKiT-  e(|ui!itirium  of  the  animal  mechanism:  in  this,  therefore, wi^ "^ 
mwic  fona.  h&vc.  to  treat  of  its  motion  or  career.  Indeed,  we  might  gen—  -^^ 
cralizo  our  expression,  and  include  the  vegetable  along  with  the  animal^'^^ 
for  the  two  are  so  inseparably  cotinectcd  that  we  can  not  speak  ot  th<^^ 
one  without,  at  tlie  same  time,  dealing  with  the  other.  Viewed  as 
spects  ita  motion  or  career,  an  organism  presents  us  n'iib  the  striking 
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&ct  that  it  pusses  through  n  dermitc  scries  of  changes.  Commencing  at 
first  as  a  simple  cell,  to  which  what  might  bo  tcnned  a  momeiitiun  of  de- 
velopment has  lK>rn  irapartrd,  it  assumes  one  form  ufier  another  in  suc- 
cession, but  is  ever  ready,  like  the  moving  bodicA  of  mechanics,  to  obey 
the  impulse-H  which  extraneous  forces  may  impress  upon  it.  I*roperly 
s|fcaking,  we  van  never  Hay  of  an  organized  being  that  it  is  lu  a  condi- 
tion of  rest.  In  truth,  it  is  always  in  motion.  It  has  a  past  and  a  fu- 
lurc— coming  from  one  state  and  going  to  anotber;  and  tJiough.  to  ust* 
llic  language  of  mcchaiiicH,  ihi;  inertia  that  it  Jia^  at  any  numioEil  iiiu^tt 
tend  to  continue  it  in  the  state  at  wliich  it  is  then  found,  Hincc  it  varies 
by  degrees  from  one  condition  to  another,  we  are  obliged  to  look  upon  it 
ill  lhei*e  variiitions  junt  as  wc  tfhould  u^wn  »n  inorganic  ma^s  under  sim- 
ilar circumstances,  and,  guided  by  the  Lncontroverliblc  law  of  physics, 
that  every  change  of  motion  is  to  be  attributed  to  the  influence  of  a  force, 
we  mu£t  impute  its  passage  from  stutu  to  sluto  to  the  intervention  of  ii 
like  agency.  In  this  respect,  the  career  of  an  orgatiiu  combination,  in  its 
two  conditions  of  maintaining  for  a  time  a  similarity  or  passing  through 
nicianiorphoAea,  presents  a  general  aimlogy  to  the  uniform  rectilinear,  and 
to  the  varied  motion  of  mechanics. 

As  we  Iiavc  just  remarked,  the  most  elementary  organic  combination 
npncars  to  be  a  simple  celL  This,  imder  circumstances  .„ 
uhich  we  shall  presently  consider,  may  pass  into  develop-  rital  moJcunf 
ment  by  imiltiplieation  in  llireo  different  ways,  geometrical-  "'""l""""- 
ly  distinct.  lis  development  may  bo  in  one,  two,  or  three  dimensions — 
linear,  superficial,  or  solid.  As  illustrations  may  be  uffert^tl  Itie  proto- 
coccus,  which  is  a  simple  celt ;  the  linear  conlerva;,  consisting  of  a  row 
of  ccIIb  whicli  perpetually  -undergo  terminal  extension,  tlie  line  becoming 
longer  and  longer  as  development  of  new  cells  at  the  end  goes  on  ;  the 
ulvoH,  in  wjiich  increase  takes  place  simultaneously  in  length  and  breadth; 
and  any  of  the  higher  forms,  which  grow  simultaneously  in  length, 
breadth,  and  thickness.  Whatever  the  manner  of  dcvelojunent  may  be, 
or  wlmtever  the  condition  presented  us  the  combination  passes  fivm 
phase  to  phase,  no  doubt  can  be  entertained  that  it  takea  place  in  conse- 
quence of  the  agency  of  forces  wLiieh  un;  acting  under  delinite  laws ;  and 
though,  even  in  tho  case  of  organisms  low  in  the  series,  a  geometrical 
flefuiitioii  of  their  form  is  impossible,  this  is  because  of  the  imperfe-ation 
of  our  knowledge,  and  is  no  kind  of  indication  that  there  has  been  any 
im-gularity  or  wantonneas  of  play  in  tlie  forces  at  work. 

Asserting  thus  in  the  broadest  manner  the  influence  of  physical  forces 
over  deveJopnient,  and  seeing  ttuit  dynamical  physiologj-  must  inqiiiTj-  into 
be  committed  to  those  conditions,  and  those  alone,  which  are  tiii-(-xi»i«-i>«- 
universally  recognistcd  in  positive  science,  I  shall  proeceil,  in  J!riM,7jilc'»r 
this  chiiptcr,  to  set  forth  the  views  we  entertain  respecting  the  "n^'iiMitoo. 
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cxislmoc.  and  natare  of  a  special  principle  of  ot^nuiizntirm.  The  eoidi* 
sioiis  at  wliicli  we  shall  arrive,  though  apparetuly  vfry  ilifferetlt  froB 
what  we  migKt  have  expected,  are  ibc  necessary  oon»cqnenc«8  of  Ik 
phyaicAl  doctrine. 

It  may;  perhaps,  aid  the  reader  if  I  give,  at  the  outset,  a  ajnopm  of 
(tsiiiii«  ot  lb*  tiie  arguiDcnt.  Selecting  as  a  geaonl  iUustratton  tJie  £unil- 
BtipiBiMt.  iar  case  of  the  giTtninatton  of  a  seed  and  the  growUi<i(a 
plant,  we  shall  investigate  the  results  of  growth,  iu  light  and  darkmi^ 
with  (heir  attendant  phenomena.  From  this  wo  sliall  draw  appsnntiv- 
idcnce  of  the  existence  of  a  sjweial  prtnctple  of  organization,  or  pi«tii! 
jwwcr,  and  oscenain,  in  a  general  wnvt  its  functions ;  but,  from  u  et 
Hmination  of  the  attitude  in  which  the  resulting  orgnnism  stands,  u  n* 
s[>ecte  iu  individuality,  we  shall  learn  to  correct  that  view,  and  reach  Afl 
final  conclusion  that  that  plastic  power  is  not  an  agent,  but  a  condiUM 
of  things,  ttie  reault  or  the  manifestation  of  autecudout  pbysicsl  inda- 
ences. 


Every  living  being  springs  from  a  germ.  The  animal  and  v^lalAf 
rrimoKii&l  kiug<loms  present  us  with  numberless  forms,  dilfcring  from  one 
^^  another  in  aspect,  in  construction,  aiul  iu  function;  but  then- 

igin  of  all  is  the  same — a  cell  or  vesicle,  which,  under  the  inflncBCeof 
cxtcmnl  circumstancps,  develops  into  a  determinate  shape. 

A  seed  may  he  kept  in  a  drj*  place  for  many  years  without  untogo* 
ing  any  visible  change,  or  losing  its  power  of  gemunation.  It  tuifl* 
ex[)oecd  to  all  the  annual  variations  of  temperature  occurring  in  tbe  Ji^- 
fcrcnt  seasons ;  it  may  Jiavc  the  &ee  access  of  atmospheric  air.  ltd  vi- 
tality is  dormant;  there  is  no  attempt  at  evolving  its  poirts. 

But  if  some  water  be  supplied,  and  a  certain  degree  of  dampociB^ 
r.«nnin«ti<«i  thereby  eommunieatnd,  the  seed  docs  not  fail,  as  soon  as  the 
ufB  jeej.       temperature  reaches  that  of  a  snmmer's  day,  to  genninati 
IJmlor  the  inthicnce  of  air^  heat,  and  moisture,  the  embri'O  consumes  ll 
nourishment  stored  up  for  it  in  the  seed,  a  gradual  unfolding  of  its 
ensues,  a  root  is  put  forth,  a  stem  rises  firom  the  ground,  and  lea' 
make  their  ap]>carancn:  so  heat,  air,  and  water  have  enabled  the  seed 
Iwcomc  a  plant. 

These  physical  agents  are  not,  however,  sufficient  to  carry  the  gro' 
Fffwu  (if  aua.  forward  to  its  full  extent.     Another  is  easential :  it  is  U^i 
liutt-  for  if  growth  l>c  conducted  in  darkness,  heat,  air,  and  wj 

can  not  cause  the  young  plant  to  add  any  thing  to  its  substance.  It 
feeding  on  the  seed.  Indeed,  when  the  experiment  is  carefully  ntads^ 
is  fou[id  that  there  is  an  actual  toi^H  of  Hubstance,  the  resulting  plant, 
dried,  weighing  Ices  then  thau  the  ilry  seed  from  which  it  came. 
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In  a  dark  place,  then,  it  is  posjible  for  a  seed  to  grow,  but  it  grows  in 
a  certain  way.  and  only  to  u  certauii  cxlutil.  Its  8tein  and  its  Jeaves  aro 
of  a  sickly  ycUowi»Ii  hue:  ex))osur(>  to  tlie  aunshiiic  Boon  produces  a 
green  color  in  these  parts,  and  the  weight  of  the  plant  increases.  Gron-tli 
in  dnrknesa  leads  to  one  result,  and  growth  tn  the  Aimshinc  to  another. 

From  these  tacts  it  therefore  might  apjM^ir,  from  a  sopcrficial  consid- 
eration of  the  thing,  that  the  development  oi"  a  plant  dq^nds  p^rtUi  infcr- 
on  two  distinct  conditions — an  innate  power  which  resides  enwwupecUin 
in  the  germ,  by  the  action  oi  which  the  matters  previously  of«i.Usiifl 
stored  np  in  the  seed  by  the  [lareht  jiLaiit  are  n-grouped,  and  P"*^- 
80  arranged  as  to  constitute  a  lu'w  organization ;  huT  this  power  dors  not 
extend  to  the  obtaining  of  new  materiHl ;  it  is  only  a  power  of  arrange- 
ment— a  PLASTifi  POWEiL     Whatever  new  material  is  rcquire<l  must  be 
famished  by  a  totally  distinct  agency,  tlie  dutdiglit ;  and  just  as  the 
[>la8tic  power  can  not  collect,  the  winlight  can  not  arrange.      I'iacli  has 
its   own   sphere   of  duty.     The   one  gives   the   substance,  the  other 
mould:!  it. 

Every  llowcrtng  plant,  no  matter  how  humble  it  may  be,  is,  then,  a  rep> 
resentative  of  the  action  of  these  double  influences,  and,  when  ConaunptioB 
properly  considered,  may  well  extend  the  views  we  ought  to  ^^rJJli^ 
entertain  of  the  system  of  nature.  The  supplying  orfuniish-  dcvclopiMot, 
ing  ^ent,  the  light,  comes  from  a  star  which  is  at  a  distance  of  almost  a 
hundred  millions  of  miles,  and  is  the  pivot  of  all  the  planetary  motions. 
Without  this  extraneous,  titis  foreign  force,  the  whole  surface  of  the  earth 
would  be  a  desolate  waste,  presenting  bo  semblance  of  life.  The  leaf, 
the  flower, the  bud.  the  stem,  the  root,  arc  all  made  of  substance  tluit  haB 
been  ^vcn  by  tlie  sun,  derived,  it  is  tnic,  from  one;  of  the  constituents 
of  tlie  air,  but  forced  lo  take  on  the  special  slate  which  suits  the  needs 
of  the  plastic  power  by  that  distant  agent ;  and,  in  order  for  this  to  oc- 
cur, it  is  plain,  irom  mechanical  considerations,  that  there  must  have  been 
on  expenditure  of  power,  or  of  the  acting  principle  itself,  for  light  can 
not  prodwcc  these  cttccts  without  losing  its  own  peculiar  foim.  For  the 
tlecomposition  of  a  g^ven  weight  of  carbonic  acid,  and  the  formation  of  a 
given  weight  of  gum,  a  fi.xed  and  invariable  quantity  of  light  is  required ; 
just  as  it  is  necessary,  in  moving  a  moss  of  a  certain  weight,  to  expend  an 
equivalent  and  definite  force.  Bo  tho  substance  of  which  plant-organs 
consist  has  been  brought  into  an  avaiJable  state  by  the  consmnpijon  of 
a  definite  quantity  of  liglit — perhaps  its  incorjMration,  under  sonio  other 
form,  in  t!ic  R'sulting  mass.  It  may  be  pent  up  and  imprisoned  in  the 
organic  structure  tor  any  imaginable  time,  even  for  centuries,  but  is  ever 
ready  to  resume  its  printitive  state  when  favorable  circumstances  exist. 
The  coal-fields  which  furnish  us  with  fuel  are  the  remains  of  primeval 
forests  which  grew  in  the  ultm-t topical  climate  of  the  secondary'  times, 
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and  the  light  and  htvit  wn  derive  from  them  are  the  same  that  cnraefioB 
the  sun  in  those  nnuiuii  days. 

J£,  then,  our  earth  does  not  possess  in  herself  tlic  t>ower  of  tustsjin^ 
b  dN  plwti"  t'^  varied  forma  of  vegetable  life,  but  borrows  ii  from  an  ex- 
P^*"**"!-  trancoujj  source;  if  light,  in  producing  theJW  etiecta,  ntrn 
Awod  BKmt  undergoes  dedtiuction,  but  only  modiiies  its  state — Itw  aci- 
like  the  tu»er?  i\^^  (q^^  ^ot  matter  can  be  auniliilated.  though  ihej-  maj  W 
cluinged — what  shall  wo  say  of  the  [elastic  power  which  uo  have  tiim 
aasnmcd  to  reside  in  ilu!  gc-riti,  the  eo-n-orkcr  with  the  luminous  a^T 
Docs  their  jiarinership  in  action  indicate  a  resemblance  in  positJon  orU' 
turc  ?  If  the  one  consists  of  motion  arising  in  an  ethereal,  intftngibk.uul 
weightless  me<tium,  difFuaed  throughout  the  universe,  may  we  supposr 
that  the  other  is  tlie  manifest  alio  it  of  a  similarly  diHViaed  pnnci[ili'' 
There  is  no  nocesaity,  as  many  have  thought,  to  impute  to  the  first-<ata- 
ted  germ  a  furmatiro  power  fur  all  its  successors,  as  tliough  niiateier 
force  or  qualities  they  possess  were  originally  conecnlnitcd  and  indoM 
in  it.  It  is  possible  tliat  coniitlcfif)  millions  of  organic  beings  tnny  kn 
originated  from  one  primordial  germ,  just  as  we  sec  an  extensive  coods- 
gration  originating  £rom  a  single  apark. 

That  such  a  plastic  principle  exists  has  lung  been  admitted  by  pUl»- 
ophers.  both  speculative  and  experimental,  it  is  a  doctrine  wliich  •«•• 
to  have  arit^en  in  tlio  infancy  of  human  knowledge,  and  is  to  be  mnt  trlili 
ill  almost  nil  the  old  Asiatic  and  Kuropean  ayntcniB.  The  archeuiunl 
soul  of  the  world  of  the  alchemists  were  only  the  reprodnclion  of  a  ray 
ancient  idea.  The  term  "  vital  spark"  was  once  something  more  ibu 
a  mere  metaphorical  expression ;  and,  indeed,  there  is  a  elasaic*  noU^ 
ne»s  in  the  thought  which  recognizes  a  universal  spirit  diffuseil  traj 
whcn^  In  different  c-xmntrien  and  by  diHerent  authors,  the  nature  1*^ 
function  of  this  principle  arc  variously  represented;  irapcrtect  coii«l»- 
lions  of  what  is  so  significantly  but  brieily  set  forth  in  the  opening  wopl^ 
of  the  Sacred  Scriptures,  which  plaitdy  recognize  lite  trtie  conditions  ai*" 
der  wluch  ult  vegetable  oi^aiiisms  arose — formless  matter,  the  suiUi|^** 
and  a  brooding  spirit.  _ 

I  shall  continue  to  speak  of  this  principle  undej  the  designation  of  tlH 
plastic  power,  hecauiw  that  expression  [lotnts  out  aptly  the  function  d** 
charged,  aiid  to  assume  that  uU  those  organisms  which  possess  the  fjQJ 
ity  of  converting  inorganic  bodies  into  organic  structures  do  so  under 
double  influence  of  light  and  of  this  interior  principle,     lliis,  of 

*  PrintHplc  cwlum,  at-  icrriu,  ntnipi«4iiK  :  liifaenus 
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inclu<lcs  nearly  all  vegctaWc  fcmi«,  for  we  may  leave  out  of  conBidera- 
tion  the  fungi,  a  group  wliich  stands  intcruiediately  between  plants  and 
animals.  The  di^ttinctivc  chanictcr  of  a  plant  in  to  form,  from  carbonic 
acid  of  the  air,  solid  oi^anic  stnictures.  The  diatinclive  cborocter  of  an 
animal  ia,  by  the  oxidizing  proccases  poing  on  in  il.  lo  restore  the  or- 
(^nic  bodies  wliieli  have  served  it  aa  food  to  tlieir  original  formless  Btale. 
The  group  referred  to  diO'ers  from  truo  plants  in  feeding  on  matter  aU 
ready  organized,  and  breathing  like  animals.  It  therefore  doea  not  re- 
i^uire  the  influence  of  light  to  collect  material  for  it,  and  bring  it  to  the 
proper  state.  In  tlic  development  of  this  group  the  plastic  principle  U 
atone  concerned. 

Since  the  sunlight  is  composed  of  many  differently  colored  rays  and 
diflerent  principles,  it  becomes  an  interesting  inquiry  whieli  p^^^^f^f. 
oflhcao  is  the  immediate  agent  in  ministfxing  to  the  nulri-  fcrpnt  K-tewii 
tion  of  plants.  In  1843,  by  causing  platita  to  effect  the  de-  '"^'^^^Kht. 
<»mposit{on  of  carbonic  Bi;id  in  the  pnsnialic  spectrum,  I  found  lhat  the 

^ yellow  is  by  far  the  most  effective,  the  relative  power  of  the  various  col- 
ors being  as  follows : 
luii 
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My  experiments  on  the  production  of  hydrochloric  acid  by  the  direct 
union  of  chlorine  and  hydrogen  under  tlic  influence  of  light,  i>h«fH«n«n»  of 
both  artiticial  and  (Jolar,  and  also  on  tlie  dccompoeition  of  Uw«t>«»<rf 
peroxalate  of  iron,  trocn  which  carbonic  acid  is  readily  discn-  grwih  of 
;;agcd,  conclusively  establish  the  fact  that  the  primary  iron-  pl*****' 
■lition  essential  for  the  chemical  action  of  light  is  the  absorption  of  some 
particular  ray.     If  the  physical  condition  of  substances  otherwise  easily 
deconi|xj8able  is  such  that  they  transmit  light  without  absorbing  any,  no 
chemical  change  ever  ensues  in  them,  and  the  same  condition  obtains  in 
cases  of  combinalion.     Thus  oxygen  and  hydrogen  can  not  be  made  to 
unite,  even  by  the  mogl  intense  radiation,  beicauue  neither  of  ihcm  ex- 
«rt  any  absorptive  action :  but  chlnrinc  and  hydrogen  unite  with  energy', 
because  the  chlorine  absorbs  the  indigo  ray. 

The  same  experiments  prove,  that  the  amount  of  decomposition  or  otli- 
i-r  work  done  by  light  ia  always  pvojwrtional  to  its  <|uaniiiy ;  hence,  by 
the  aid  of  converging;  mirrors  and  letiscs,  chemical  changes  can  be  ac- 
complished with  great  rapidity.  These  instnmients,  however,  when  even 
of  the  largest  size,  are  unable  to  produce  any  uther  ettcct  than  would  be 
brought  about  by  a  feebler  ray  if  applied  sujlicicntly  long.  The  great- 
ly increased  intensity  of  light  which  they  can  present  does  not  enable  us 
citfaor  to  bring  about  combinations  or  decompositions  of  substances  which 
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are  nnactrcl  upon  by  rays  of  a  more  moderate  brilliaiicy,  foT  tbc  geoail 
role  under  M-hidt  the  chemicul  atuiou  of  light  occura  is,  the  UDountfil 
cbeniicAl  change  ts  as  the  quantity  of  light  absorbed. 

These  facta  arc  of  importance  in  all  discuasions  respecting  the  fiiiD-| 
itivc  formation  of  organic  matter  by  plants.  Guided  by  them,  w«  iofa* 
tUat,  though  v^tation  may  greatly  difler  in  its  luxunauoe  in  difiamM 
climates  of  the  globe,  the  manner  of  action  of  the  light  is  alwayi  ik 
same.  Nothing  is  gained  under  the  brilliancy  of  the  tropical  8kial» 
yond  a  shortening  of  the  time  required  for  the  accompliahmcnt  of  a  gtm 
amount  of  woHc.  No  substances  arc  there  decompo3e<l,  even  in  tlie  or 
ganisma  of  plants,  wliich  could  not  equally  well  be  decomposed  bjrdr 
feebler  light  of  more  temperate  climates,  only  in  these  it  -would  deand 
murt*  time.  The  oils  and  other  subatancci^,  almost  or  quite  fnc  6trm 
oxygen,  wliich  abound  in  the  plants  of  the  torrid  zone,  are  not  excfp- 
ttons  to,  but  illustrations  of,  tho  doctrine  hero  scl  forth. 

It  is  proper  here  to  correct  the  slatcment  which  is  osually  made  b^^] 
ItUmaiU  v^etablu  pliTsiologiBts,  that  the  decomposition  ofetrboOfr' 
gr«Mi|Mruaf  gcid  by  phints  is  accomplished  by  their  fiTccn  pirta   A 

PIUU  which  ,  •',..,  ,  -IJ-Jl  V^LL. 

deaonpoMou--  p»nt  which  has  been  choiatco,  or,  mdecd,  one  wbicb  DU 
beak  add.  )yQ^„  raised  from  a  seed  in  total  darkness,  when  broagbt  into 
the  sunahme,  decomposes  carbonic  acid,  liberates  oxygen,  and  its  pair 
and  sickly  leaves  presently  turn  green.  Tlus,  therefore,  dctoonstistH 
that  the  green  portions  arc  not  the  seat  nor  tlie  origin  of  the  decompwi- 
tion,  but  are,  ])roj>crly  B|K;akiiig,  its  eftcct. 

Thus,  under  tlie  intluenoe  of  sunshine,  tho  leaves  of  plants  dccooipw 
FlMiu  libiffiiit  carbonic  acid,  liWnitc  its  oxygen,  which,  for  t)ie  moat  pit 
oxTff^-  e:?ca{>c9  into  the  almosphere,  the  amount  of  gas  decompix^ 

depending  primarily  on  the  quantity  of  light  Bup])licd,  and  thcaefoB. 
among  other  conditions,  on  the  surface  of  exposure  of  the  leaves,  w 
not  upon  their  thickness  or  mass.  But  I  found,  on  an  cxaminatioo  <» 
the  gas  thus  evolved,  that  it  is  never  pure  oxygen,  but  always  coat«>» 
a  certain  though  variable  proportion  of  nitrogen.  Krom  this  it  foUo^ 
lliat  a  (Mirt  of  the  oxygen  appertaitiing  to  tlie  carbonic  acid  is  »ppn)p*^ 
ated  for  the  uses  of  tlic  plant. 

tSucli,  in  a  general  way,  is  what  takes  place  !n  the  daytime,  but 
night  the  process  is  to  a  certain  degree  inverted,  a  plant  absorbing  ox* 
gen  from  the  air,  ajid  yielding  carbonic  acid.  The  explanation  wl 
liiebig  ofierd  of  tliis  state  of  thin^  is  doubtleas  coVrect,  that  the  e\ 
tion  of  carbonic  acid  is  a  purely  physical  process,  and  tlie  absorption  C^ 
oxygen  due  to  the  clicmieal  action  of  the  varioua  deoxidized  bodi^ 
which  have  been  accumulating  during  the  day.  ^ 

Aa  respects  the  soiircca  from  which  the  various  constituents  of  tsP 
plant  organism  are  derived,  they  arc  sufficiently  obvious.     The  carho£-' 
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may  donbtleaa  be  entirely  altributeil  to  carLoiiic  acid,  oL-  souKOBfrom 
taiiicd  either  directly  iVoni  tlic  atmosphere  or  iuniiahed  by  nhkhiho«m- 
Ihc  grnduul  dccny  of  Iiuraua  in  the  aoil.     For  the  hydrogen  i,i„nu  *re  j,> 
a  double  source  may  be  assigned — water  and  ammonia.  "'"1-  Oteur- 
Tbe  abundant  occurrence  of  rosins,  oils,  fals,  in  wlilcli  this 
element  preponderates,  conclusively  efelabliahcB  the  tact  that  *■     ^  ^6"^ 
the  supply  of  auimonio,  as  indicated  by  the  nitrogenized  compounds 
wliicii  have,  been  tlrmcd,  is  iusuffieieut  to  account  for  the  quaiitily  of  hy- 
drogen, ami  for  which  thero  would  appwir  mji  oiIict  source,  than  water; 
and  though  the  moat  brilliant  light,  even  though  concentrated  by  a  pow- 
erful bunung-glasa,  can  not  alone  eflcct  tlie  deeomposition  of  this  liquid, 
there  will  be  no  difficulty  in  admiltiug  ihnt  audi  a  decora  posi  I  ion  dix-a 
take  place,  when  we  recall  that  carbon  tA  being  presented  in  what  might 
be  termed  its  nascent  state. 

Of  Uie  nitrogen  ncce&.sar^-  for  tho  formation  of  tbe  protein  bodies  of 
plants,  it  in  gimerally  concluded  that  ninmonia  is  the  only 
source,  and  that  these  organisms  do  not  directly  obtain  that 
clement  from  the  atnioHplieric  air;  moreover,  it  oe^fiurs  apparently  to  a 
sufficient  extent  in  their  sap,  having  been  introduced  by  abcorjition 
through  the  roots.  As  essential  to  tlio  production  of  the  same  group 
of  bodies,  the  protein  substances,  both  sulphur  and  phosphorus  are  in- 
troduced through  the  same  channel,  from  the  soil,  as  Htil-  oftulijiiurniiJ 
phate-8  and  plioflphatcp.  which  undergo  decomposition  and  ?ho»phor(u. 
deoxidation  within  the  organism,  ho  as  to  yield  the  sulphtu*  and  phos- 
phorus in  an  unosidized  state. 

We  can  not  overlook  the  saline  substances,  or  mineral  bodies,  which 
occur  in  diflorcnt  parts  of  plants,  and  which  obviously  are  of  >ali»a  »ul» 
absolutely  essential  to  their  constitution.  The  circumstance  •t«n«*- 
that,  in  any  given  plant,  they  arc  found  fixed  in  their  nature,  definite  in 
their  quantity,  and  deposited  in  determinate  regions,  is  sufficient  to  es- 
tabli:jh  that  conclusion.  As  is  very  well  known,  we  can  not  judge  of 
their  nature  or  condition  during  the  life  of  the  plant  Irom  the  a^jiect  they 
present  when  its  ash  is  examined.  Thus  those  which  have  been  exist- 
ing OS  neutral  or  acid  ealts  of  organic  acids  must  appear  in  the  a.Hh  as 
carbonates;  and  though  it  has  been  established,  that  basic  and  mineral 
substances  generally  \^-UI  to  some  degree  replace  one  another — nay,  tlmt 
even  the  plant  itself,  by  generating  vegetable  alkaloids,  may  di-spensc 
with  ba*c»  of  the  mineral  kind,  the  extent  to  which  this  can  be  carried 
is  as  yet  undetermined.  The  occurrence  of  sulphates  and  phospliatcs 
iji  the  leave*  and  aecds,  and  wherever  organic  activity  harf  to  be  dis- 
played, and  protein  bodies  are  found,  is  safiicicnt  to  establish  a  con- 
nection between  those  substances  and  llie  neutral  nitrogenizeil  Iwdics, 
though  of  the  manner  in  which,  from  carbonic  acid,  water,  ammonia. 
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Aulphatcs,  and  p1iosplintn«,  those  bodies  ore  formed,  we  are  u  jet  ikiy- 
gelber  ignorant. 

Dy  some  cliemiKta  it  has  been  supposed  that  the  decomposition  of  cu- 
Tbo  drcomp')-  hoaic  auitl  by  ptanta  in  the  aunabine  is  not  inatantftneawlj' 
ittim  a  car-  complete,  bat  that  a  gradual  proceas  of  reduction  takes  plneh 
aoiparUKi.bnt  tbc  caibon  losiog  by  little  and  little  its  oxygen,  bat  nenr, 
taul.  pojhajis,  losing  it  alL     My  own  experiments.  previomJyil- 

ludcd  to,  which  show  tliat  ilic  quantity  of  osygcu  Hct  frL>c  is  never  quiia 
equal  to  that  of  the  carbonic  acid  cotisumcd,  ha%'o  been  used  in  sn 
of  this  view.     But  this,  1  think,  ia  an  interpretation  which  they  will 
scarcely  l)car.     There  are  many  tacts  connected  with  tlic  chemical  utJoD 
of  light  which  might  be  cited  as  otTcring  abundant  proof  tliat  the  d«o(im- 
position  in  question  is,  on  the  contrary,  instantaneous  and  complete,  sad 
in  tliut  I  am  led  to  believe  really  coiisials  the  primary  function  oflliC  J 
tight.  llic  carbon  thus  obtained  b<.>ing  £ul)8e(|aently  employed  in  acnwKS 
plishing  the  decomposition  of  water,  and  other  processes  of  rcdnctiwi 
known  to  go  on  in  the  vegetable  organism,  but  with  which,  nndertiie 
(urcDmatanccs  of  the  caae,  it  is  impo5.«ihlc  that  the  sunlight  shonldlcil)- 
recily  concerned.     I  separate  as  distinct  factors  in  the  life  of  ft 
the  obtaining  of  carbon  from  the  air,  which  is  sccompUsbed  by  the  inhl- 
encc  of  an  external  agent,  and  the  moulding  or  modifying  it  with  oilier 
ingredients  into  organized  material,  wliicli  we  liave  thus  far  imputed 
plaalic  power  in  the  plant  itself,  and  respecting  which  morr  will  be 
ently  said.      I-"rce  carbon  once  obtained,  we  can  easily  conceive  llut 
other  operations  of  reduction  may  follow,  and  that  this  division  of  lbs 
action  of  plants  i^ito  two  distinct  stages  or  factors,  as  wc  have  just  ttflX' 
cd  tlicm,  ia  not  a  mere  speculation,  but  represents  what  in  reality  oci!in*> 
will  [lerliaps  be  a^lmitted  on  roi-^ling  wliat  lias  been  remarked  on  groirtli 
in  the  sunsliim*  and  in  darkness  respectively. 

As  a  aummnry  of  the  action  of  vegetation  on  the  air,  it  is  on  all  Umai 
SuminMy  of  admitted  that  plants  tend,  by  the  rcmo\*al  of  carbonic  aiad 
irlmtaVnitw  ''•««fron'  ""d  the  return  of  oxygrn  thereto,  to  comj>en»atel«r 
MtiMMpiiierc.    the  disturbance  occasioned  by  animals,  which  is  to  the  opp** 
site  etVcct.     in  this  way,  through  very  many  centuries,  the  same  pcran^' 
age  constitution  of  the  atmosphere  is  maintained,  the  .turn  total  of 
etable  being  automatically  adjusted  to  the  sum  total  of  animal  litr ;  aut' 
nmtically,  nnJ  not  by  any  interference  of  Providenn*:  for  if  we  adn>*^ 
what  has  been  conclusively  established  by  direct  cxiteriment,  that  pi 
would  grow  more  luxuriantly  in  an  atmosphere  somewhat  richer  in 
bonic  acid  than  the  cxistitig  one,  we  may  sec  how  upon  thi«  condition 
pends  a  principle  of  conservation,  which  must  forever  retain  tlie  air  at 
[ffesent  constitution,  no  matter  Imw  animal  life  may  vaiy.     The  pro^^ 
that  arc  someumva  olt'urcd  that  there  lias  been  nu  change  in  this 
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for  at  Irast  2000  years,  and  which  arc  druwn  £iom  an  examination  of  the 
iteiial  contents  of  vessuls  said  to  liavu  liouu  obtained  from  Poni|ieii  or 
llcrculaneuni,  are  of  very  iittle  account.  We  have  only  to  recollect  how 
easily  diffu.sion  takes  phicc  through  crevices,  and  even  almost  invisible 
i>Oros.  But  there  arc  proofs  of  a  far  higher  order,  and  of  a  much  more 
general  kind,  which  might  be  brought  forward,  if  thia  were  the  proper 
places  establishing  beyond  all  possibility  of  contra^ction  the  fact  that  in 
a  slow  manner,  through  countless  ages,  the  constitution  of  tht;  atmosphere 
lias  changed,  and  that  now,  through  the  opvrutiun  of  conditions  wliicli 
have  spontaneously  arisen,  it  has  come  into  a  ooiidition  of  apparent 
equilibrium. 

When,  tliercfore,  a  seed  is  placed,  in  the  ground  in  ilio  warm  Beoaoii  of 
the  year,  the  germ  it  contains  develops,  and,  after  a  few  dava,  makes  its 
appearance  as  a  young  plant  at  tlic  surface:.  l(  the  growing  structure  is 
exaiiiiiiwl  during  its  passage  through  the  soil,  it  presents  a  pale  yellow- 
isU  aspect,  which  is  exchanged  for  a  briglit  green  tint  as  soon  as  it 
cscapcii  from  its  coufiuemvut,aiid  unfolds  itself  to  the  sunlight  and  the  air. 

From  tlie  first  moment,  until  the  greeu  color  is  assunnxl,  thu  young 
plant  is  nourished,  as  we  have  seen,  at  the  expense  of  the  infantile  Md 
seed.  In  anticipation  of  tliin,  the  pan-iit  luul  laid  up  a  stock  nduit  itfo  of 
of  nutritivo  material.  Oti  tliis  tho  embryo  draws,  consuming  •"*""■ 
a  part  in  tlic  support  of  its  Ufe,  and  incorporating  the  residue  in  its 
structure ;  but  as  soon  as  the  surface  of  the  soil  is  gained,  this  life  of  d«>- 
p«udence  ends ;  the  plaiit  weans  itself,  and,  abandoning  its  teniporan' 
support,  commences  to  collect  froui  the  air  and  the  earth  tlio  materials  of 
which  it  is  to  consist.  Its  infantile  seed-life  has  closed ;  Its  independ- 
ent aerial  life  has  bt^un. 

In  Uiis  aerial  life,  which  is  the  mode  of  existence  destined  to  continue 
until  absolute  deatli  occurs,  the  two  csscutiol  conditions  to  g^n,^,-.  ^ 
which  we  have  drawn  attention  are  recognized.  There  must  Uw  c»ii4ltiotu 
be  a  steady  supply  of  material  for  the  building  up  of  the  ^^  ' 
growing  structures,  and  this  has  to  be  derived  trom  external  sources. 
There  must  also  l>c  a  capability  of  go  grouping  or  moulding  the  material 
thus  acquired  thai  iho  various  partd  that  are  wanted — leaves  or  fruits, 
tlowera  or  thorns,  may  bo  made. 

The  manner  in  which  these  conditions  are  satisfied  presents  to  a  re- 
dectiug  juiiid  one  of  the  most  wonderful  e:camples  of  tlic  system  of  na- 
rnre.  AVe  have  already  sliown  that  the  power  of  moulding  and  group- 
ing is  inherent  in  the  plant.  In  virtue  of  this,  while  it  was  yet  in  the 
;^and,  jmd  therefore  in  the  dark,  the  genn  could  put  up  its  stem  ond 
fastuon  its  imperfect  leaves,  but  it  did  not  possess  any  power  to  gather 
nourishment  beyond  lliat  wliich  was  stored  up  in  the  seed,  nud  had  that 
stock  been  exbsnstetl  before  it  reaelicd  lite  smiacc.  it  must  have  died. 

Go 
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Wo  lia^x  also  sliowii  tliat  the  gu^ply  of  new  maicrial  is  alwaTsfia- 
nislicd  by  the  san.  In  the  ab:«vjiL-u  uI'liU  mvH  llie  pUnt  muj  oc^ise. 
bnt  can  not  increase,  an*!^  indeed,  it  was  to  the  intiuenoe  of  light  tliat  ib 
green  color  of  the  first  lenflots  wns  due,  AU  the  day  long,  and  with  the 
more  acti\*ity  as  the  day  is  lirightcr,  the  leaves,  which  arc  the  collecting 
organs,  arc  absi^rbing  material  iVom  the  air ;  they  cease  to  do  it  at  ni^t. 
The  sunbeam  enables  them  to  take  from  the  air  carbon,  hydrogen,  ui<i 
nitrogen.     They  feed  by  day  and  fast  at  night. 

Astronomcra  say  that  the  buji  is  tlie  most  sublime  object  the  e^  ai 
man  can  contemplate.  They  speak  of  his  prodigious  mass,  and  describe 
how  ho  compt^ls  tlic  planets  to  move  in  obedient  circles  around  faiin.  Tu 
the  physiologist  ho  is  not  less  sublime.  The  most  insignificant  man 
that  grows  on  the  wall  was  called  into  existence  by  his  heat,  and  isdaiJy 
<cd  by  his  light.     The  sunbeam  is  the  finger  of  CJod. 

The  nutrition  of  plants  is  therefore  dependent  on  physical  ciuk& 
The  carbonic  acid  required  being  brought  to  them  by  aenal  curn:uU,«> 
casioued  partly  by  the  warming  influence  of  the  sun  on  their  leans  uit 
partly  by  tlio  winds,  (Jic  tendency  of  gases  to  dilFusc  into  one  another 
aids  in  producing  tlio  same  result.  In  tliis  manncoTi  as  they  exhansl  tb» 
surrounding  air,  tresh  quantities  are  supplied,  the  separation  of  auhm 
from  it  being  brought  about  by  the  agency  of  the  yellow  rays.  Tfe 
iea\-c»,al80,  sometimes  follow  the  motion  of  the  sun,  or  present  thvrosd™ 
in  the  most  favorable  position  under  the  influence  of  the  indigo  niyi. 

The  water  requisite  is  obtained  Irom  the  suil  by  the  spongioles  of  ike 
roots.  With  it  thcro  are  carried  into  the  interior  of  the  plant  the  siliu 
and  inorganic  substances  necessary  for  its  stmcture.  Them,  sJnni  thcf 
art^  ofti'ii  of  sparing  solubility  in  water,  will  require  largo  qaantttusti 
(hat  liquid  to  effect  their  introduction  to  a  proper  amount.  Ihiring  tlie 
course  of  a  summer  there  may  pass  through  the  system  of  tltc  (JmI 
perhaps  many  hundred  times  its  weight  of  water — a  prodigious  anonat 
when  the  phenomenon  is  considered  on  tlie  great  scale. 

Cnvier  speaks  of  the  infeiior  organisms  as  furnishing  ns  with  a  sdia 
R*i*iii.hi.f  or-  ^^  experiments  made  by  the  hand  of  Nature,  au  idea  oflffl 
gBuidius  i«  quoted  and  often  admired,  but  whieli  is,  perhaps,  Bcoicdy  dOD' 
Mch  i>i  «r.  gistcnt  with  enlarge*!  oona-piions  of  the  system  of  the  worW- 
An  organism,  no  matter  how  high  or  low,  is  not  in  an  attitude  of  iail»- 
tioiL.  It  is  connected  by  intimate  bonds  with  those  above  and  thou  ^ 
ncath.  It  is  no  product  of  an  cxpcrimonlal  attempt,  which,  eitlier  on  tin: 
part  of  Nature  or  otherwise,  has  ended  in  failure  w  only  partial  aacow- 

Tlie  organic  series — an  expression  which  is  full  of  ngnificsnee  an^  f^' 
of  truth,  for  it  implies  tlie  iulexcoiiuection  of  all  organic  forms — tJte  <«■ 
ganic  series  is  not  the  result  of  numberless  creative  blunders,  abortive  ^* 
tempts,  or  Ireaks  of  Nattue.     It  presents  a  tar  nobler  aspect.    Evd? 
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member  of  it,  even  the  humUcst  plnnt,  ie  perfect  in  itself.  From  •  oom- 
mon  origiii*  a  Hinijilc  cell,  hII  liavu  ariaen :  there  is  no  perceptible  micro- 
scopic difference  between  the  primordial  vesicle  which  is  to  produce  the 
lowest  plant,  and  that  which  is  to  produce  the  liigheat ;  but  iho  one,  nn- 
dcr  the  favoring  circuraatanccs  to  which  it  lias  been  exposed,  has  contin- 
ued in  the  march  of  development,  ihe  career  of  the  other  has  been  stop- 
ped at  an  csorlier  point.  The  organic  aspect  at  I»M  assumed  ihu  formnur 
ie  the  strict  representation  of  the  uUvsical  ajjonciea  which  liave  "itMiMii™ 

iiiii  -  -11  ■        "Ji'l'iMiit  on 

been  at  work.      Had.  these  ior  any  reason  voned,  that  Tana^  }ili.v*ic«l 

tion  would  at  once  have  been  expressed  in  the  resulting  form,  *««""■ 
which  ia,  therefore,  actually  a  geomeirical  cnilKKliitiprit  of  the  antecedent 
physical  condilions.  For  what  reason  is  an  oftspring  like  its  parent, 
except  tliat  it  haa  been  exposed,  during  development,  to  tile  same  condi- 
tions as  was  its  parent  ?  Comparative  physiology  is  not  a  fortuitous  col- 
lection of  cxjioriincnls.  Our  noblest  conception  of  it  is  the  conception 
we  liave  of  analytical  geometry,  and,  speaking  in  mathematical  language, 
,  each  member  of  tlie  organic  series  is  an  uiu bodied  result  of  a  ditM:us!>iou 
of  the  equation  of  life  for  one  sjKicial  case.  Nay,  I  would  present  the 
whole  system  of  Nature  as  include<l  in  the  same  idea.  The  inorganic 
and  lifeless  combinations  which  are  ail  around  us  are,  to  my  mind,  in 
trutli,  in  that  equation  of  life,  the  analogues  of  the  imaginary  soiuliona  of 
the  calculu?- 

It  was  a  felicitous  thought  of  Descartes  that  wc  may  represent  a  geo- 
metrical form  in  an  algebraical  equation,  and,  by  the  proper  jumtraUon  of 
consideration  and  discussion  of  sucii  an  expression,  detcrm-  ibcrrUtiuiiof 
ine  and  delineate  all  tiie  peculiarities  of  such  a  form ;  that  here  ^^j  '^^ 
it  elmuld  become  concave  and  there  convex,  here  it  should  «n«lj-iit»l  g* 
run  out  to  infinity,  thwe  liave  a  cusp.  Xiic  cijuation  detortn-  """^ '''' 
ines  all  tlic  pecuIiarittuH  of  tho  furni,  and  enables  us  to  construct  it.  Bat 
if  the  original  conditions  are  inconsistent  with  one  another,  the  construc- 
tion can  not  be  fulfUlcd,  it  having  become  impossible.  In  tho  same  man- 
ner arc  all  living  and  lifeless  forms  related :  an  increase  in  tlio  \'alao  of 
one  condition  carries  development  forward  in  one  direction,  and  increase 
in  the  value  of  another  condition  determines  development  in  another  way. 
and  these  variations  ^vu  rise  in  their  succession  to  the  whole  organic 
series.  Itut  in  these,  as  in  the  other  case,  if  inconsistent  qonditions  have 
existed,  their  presence  is  indicated  in  the  resulting  solution,  which  can 
not  be  constructed  as  an  organic  form,  Imt  is  reproseutod  as  a  liteless 
mass. 

"God  ever  gcomcirizes,"  and,  it  might  be  added,  ever  materializes. 
Every  organism  is  the  resnlt  of  the  iloTcIopment  of  a  vesicle  under  given 
conditions,  wirried  out  Into  material  execution.  Tt  is  the  incarniition,  the 
embodiment,  the  lusting  register  of  physical  iolluenccs;  for,  if  sucli  Ian- 
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goage  maj  be  with  propriety  used,  t]ic  coiucqucnou  of  tlie  nctioii  ofi 
tiial  agents  do  not  reuiain  as  a  barreu  idee  in  the  creative  mind,  bnti 
pnaentod  as  a  material  and  tangible  restth. 

8ach  a  mathcmaticBl  conception  o(  tlic  relations  of  tlic  variotta 
around  ub  obliterates  at  once  tlio  line  ui' demarcation  winch  natnnll 
tof}'  has  thuii  far  vainly  attempted  to  dettne  with  correctness  betwta 
the  organic  and  inorganic  worlds.  In  the  system  of  creation  no 
boundary  cxtsis;  neither  does  one  exist  between  the  regetable  andi 
uial  group«^  On  every  fonii.  all  existing  influences  have  ez«1«d 
sway:  gravitation,  beat,  electricity;  the  resitlt  is  tlie  issue  of  tlieir  action. 
The  shape  of  any  great  niouutain  is  thus  the  record  of  every  thm^  tint 
has  affected  its  maes  sinee  it  was  tirst  uplifted.  Its  aucient  peaks  ue 
the  registtr  of  every  auuinier's  son,  every  frost,  every  falling  r»i].eTaj 
lightning  etioke.  It  is  what  it  is  because  of  tluim  ;  and  so  also  of  At 
lichen  which  unfolds  itself  on  some  favorable  ipot  on  the  rock.  WouU 
it  be  tlicrc  at  all,  or  would  it  have  the  special  aspect  it  presents,  if  tkn 
■was  not  a  due  pro[)ortion  of  sunshine,  a  proper  ftn|>ply  of  mourtuca 
suitable  tvmperalure  ?  It  is  such  conditions  which  have  called  it  fddli- 
Tt  is  what  it  is  because  of  them.  lu  this  respect,  between  the  inin;gicic 
and  organic,  there  Is  no  difference. 

The  preceding  cleiucntary  examination  (^  the  circomstancca  onikr^ 
CocncUoD  of    which  plants  grow  ha»  led  us  to  the  inference  that  in 
a  piMii/r'V-^  grrm  there  resides  a  plastic  power  wboec  (Vineiifm  it  isi 
*r.  model  the  organic  matter,  as  it  is  fumiahed  by  the  sii 

into  definite  shapes  or  organs.  We  now  proceed  to  correct  the  eoeup- 
tion  wc  have  thus  formed,  and  to  show  that  it  \a  more  pliilo^fihical  to 
decline  the  idea  of  an  a^enl  a]id  to  accept  that  of  a  condition. 

Perhaps  tlie  most  aiuiple  method  of  illustrating  this  idea  ia  &oia  cub- 
Bideratiuns  coimected  wiUi  the  individuality  of  the  otganismB  wlucklan 
tluis  arisen.  IHrccting  their  attention  to  plontti.  botaniftts  have  occopn^ 
thsmaelircH  in  endeavoring  to  determine  what  is  the  nnitnde  in  vbich 
CftrnidwMioo*  they  stamL  They  Iwve  tried  to  find  out  wherein  the  h^ 
iSYldai^rt^'  viduality  of  a  plant  consists,  for  this  question  of  indiriAuJ- 
ofaidut.  ity  lies  truly  at  the  basis  of  the  position  which  those  sUM* 
lures  oceupy.  There  arc  oaka  tluit  have  lasted  a  thousand  yoais,  bat  an 
they  to  he  regarded  an  individuals  that  arc  a  thousand  years  old?  I* 
not  sucli  a  tree  ratlitr  like  a  nation,  a  collection  or  colony  of  individiuU. 
the  individuality  Ix-loiiging  to  each  bud,  to  each  leaf  it  has  bome;  w 
there  is  a  close  analogy,  if  not  on  absolute  identity,  between  the  proott* 
of  development  of  a  seed  in  the  ground  and  of  a  bud  upon  a  bnodi; 
both  hare  their  infiuitilc,  botli  their  aerial  life.  Tlie  leavea  of  the  osL 
whicli  expand  in  the  spring,  fell  in  the  autumn.  Their  origin  and  ^ 
ties  are  cunaeclcd  with  axtruuoniical  events.     Eadi  niuiiial  genentioo* 
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while  it  lasteJ,  carried  forward  all  the  ftmctions  of  the  tree,  as,  in  a  na^ 
lion  that  may  have  cridiircd  for  a  thousand  years,  each  generation  of  men 
has  borne  iw  part  in  the  general  Bchcmc,  and  made  proviflion  for  its  aiio 
pcesaors.  The  indi^nduality  therefore  lies  not  in  the  tree,  but,  perhaps, 
as  thus  far  considered,  should  be  referred  to  the  bud. 

But,  moreover,  wlien  we  consider  the  modes  by  wliich  a  tree  may  be 
propagatttd,  as,  for  inslauce,  in  the  horticultural  proceaBes  of  budding  or 
grafting,  our  views  of  thia  question  of  individuality  must  again  ho  niodi- 
Hed.  By  thcHC  lu'tifiriid  operations  an  original  Rtoek  may  Vio.  nmliiplied 
again  and  again,  and  each  of  the  plants  so  arising  la  undistingitiahahle  trom 
any  other  tliat  may  have  come  in  the.  same  way.  Setting  aside  the  inci- 
dental difference  that,  through  the  intervention  of  artificial  means, ;  he  buds 
from  which  tivo  such  plants  have  originated  liaro  l>ocn  brought  under  the 
condition  of  physical  independence  of  one  anotlier,  the  one,  perhap.^  grow- 
ing iu  Ame^iL■^^  the  ullier  in  Kuro]Mf,  is  there  any  absolute  and  essential 
difference  between  Ihcm  more  than  tlierc  would  have  been  had  they  been 
permitted  to  remain  upon  the  parent  stock,  and  to  develop  themselves  into 
two  branchiw  thereof?  Such  facta  suggest  to  us  that  individuality  does 
not  belong  to  planl!^  as  they  thus  prcaent  tlirnn^dvps  to  us,  and  that 
perhaps  we  onght  to  assume  an  individuality  of  a  higher  order — a  race 
individuality,  as  it  wore.  In  this  manner,  all  weeping  willows  in  Europe 
and  in  America  are  one  individual,  because  they  have  all  been  deri^'ed 
from  one  original  imported  Babylonian  stock;  and  the  same  might  be 
said  of  every  one  of  our  cultivated  fruits.  But  of  these,  if  a  seed  be  plant- 
ed, the  general  aspect  of  tlie  resulting  growth  may  possibly  be  the  same 
iw  that  derived  from  a  graft,  and  how  shall  wo  then  make  a  distinction 
between  the  one  and  tliy  other'?  fur,  though  by  seed  development  the 
plnnt  may  chance  to  run  hack  to  a  wilder  fonn  or  to  produce  a  new  va- 
riety, this  result  is  by  no  means  absolutely  neoeaaary. 

From  similar  considerations,  si-»mfi  physiologists  have  been  led  to  deny 
individuality  to  the  bud  and  the  seed,  and  to  refer  it  to  the  primary  cell ; 
but  here,  again,  precisely  the  same  difficulties  are  encountered.  A  cell 
may  multiply  itself  by  lissure  through  its  nucleus,  as  well  as  in  an  en- 
dogenous way :  moreover,  cells  ari»e  from  granular  material.  Individu- 
ality, therefore,  except  it  be  that  of  a  lower  order,  can  not  bo  attributed 
to  them,  and  the  question  of  the  detcrmiuation  of  it  rests  precisely  where 
wc  found  it. 

In  Irutli,  arc  not  all  such  discussions,  in  their  very  nature,  illusory,  so 
long  as  we  have  no  more  definite  idea  of  the  term  indiiidu-  Thr  idMof  in- 
ality  ?  If  a  natural  philosopher  were  to  occupy  himself  with  f,Jappi'|^'^'iiiJto 
similar  discus-sions  respecting  the  flame  of  a  lamp,  he  too,  pii"'U. 
doubtless,  would  be  led  lo  precisely  the  same  empty  conclusion.  He 
might  show  how,  in  such  a  Oume,  there  are  separate,  well-marked  r&- 
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gions,  some  of  which  vcre  present  at  the  first  moment  of  its  exifttOKs. 
mud  remain  to  its  end,  a.^,  for  exflmplc,  the  bloc  portion  whicli  is  kt  !l> 
under  part.  He  might  show  how  every  one  of  thesr  flames  ttnds  (o  j> 
some  a  definite  or  detenninalc  form — conicnl,  for  insUnce— and  yavxti 
tougne  thnt  this  is  the  result  of  the  interaction  of  extenial  cauMS,utti£ 
pusi^  of  currents  in  the  air,  and  »ome  juluriur  principle  or  power  pn- 
sessod  by  the  fliune  itself.  lie  might  consider  how  tliat  from  one  iW 
another  can  Lc  kindled,  in  all  rc8pecl8  like  its  jMuviit  in  tjualitiea  <a 
shape ;  and  lion',  in  succession,  from  one  original,  mjTiads  upon  inrri«U 
might  so  aiise.  He  might  engage  hiniself  in  disquisitions  as  to  the  man- 
ner in  which  such  an  extraordinary  result  ts  to  be  esphiincd,  and  u  to 
.the  source  to  which  he  should  impuic  with  exaetncM  the  origin  ofudi 
oftliese  independent  fiamc$.  and  their  mutual  interrelation.  He  inigKi 
inquire  if  the  force  which  each  posseases  was  originally  contained  in  the 
original  Qamc,  and  how  it  came  to  give  it  forth  without  loas  of  any  <d  iti 
own  power.  He  might  tilso  amuse  himself  with  questions  of  Indiriilo- 
ality,  and,  in  doing  all  thisi,  it  would  be  no  nioR'  tlian  physiologista  havr 
done.bcfore.  Between  the  cose  of  the  trees  and  tiomcn,  of  which  m 
llAve  been  speaking,  it  is  not  dilficnlt  to  sec  that  there  is  an  analogy. 

Are  plants,  in  tnith,  then,  nothing  more  than  temporary  states  tbrflairfi 
Planu  »»  oiv  ™^**^'^  material  substance  is  passing,  because  of  some  wigiwl 
<nuiun«,  mil  physical  impre^Kion  made  Ujion  it,  and  the  present  operalioii 
of  external  circumstances  ?  Can  individaolity  be  appliedlo 
them  any  more  than  to  a  flame  ?  Instead  of  being  individaals.  ait  tiiej 
not  rather  the  traiwitory  rt-sults  of  an  operation? 

The  lamp,  wliieh  we  have  been  using  as  an  illustration,  nuT  serreto 
Aatlagy  bfr  enlighten  our  path  q  little  fiuther.  In  the  infancy  of  th?mis- 
KTmnapUnt  try,  it  might  have  been  said  of  it  tliat  it  possessed  a  burrun? 
*  power,  which  enabled  it  to  dispose  of  the  matter  with  which 

it  was  fed,  just  as  we  say  of  a  plant,  in  the  infancy  of  physiology.  tb>l  ■■ 
pOBsessea  a  plastic  |)on-er,  wbi<~'h  groups  into  dctiuite  forms  tlie  ftubataatt 
with  which  it  is  furnished.  'Plie  so-called  burning  |)ower  was  demei 
from  another  (lame,  in  all  ninix'clfl  analogous  to  that  which  manifists  it. 
and  is  notliing  more  than  nn  extension  of  a  physical  operation,  the  Kti^' 
ency  of  which,  so  far  from  being  to  check,  is  to  continiie  as  long  i3  ^ 
proper  material  is  furnished.  The  lighting  of  a  second  flame  is  t^^' 
tiolly  the  same  condition  as  the  continued  combustion  in  the  first.  Tin 
fact  of  scparateness  changes  the  phenomenon  tn  no  respect  whateva;  ^ 
relation  of  two  separate  tlames  is  the  same  as  that  of  two  dilfcrcnt  y^^* 
of  the  same  fiame ;  and  so  the  derivation  of  a  plastic  power  by  a  J^' 
from  its  ancestor  is  essciitiully  the  same  thing  as  the  manifestation  o^^ 
similar  power  in  difl'erent  parts  of  its  own  system. 

Thougii  it  may  therefore  be  convenient  to  apeak  hypothetically  of  t^i'^ 
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principle  which  accomplishes  in  a  plant  the  grouping  of  its  parts  as  if  it 
were  An  Offentt  the  foregoing  illuiatmtioiig  siiow  us  ih&t  all  the  facts  of  the 
caae  are  equally  wdl  satinticd  on  the  wuppoifitioii  that  it  i^  the  ooniiima- 
don  of  an  operation.  A  inultttudu  of  parallel  instances  pretftint  Uieni- 
selves.  In  the  making  of  leavened  bread,  ali  the  phenomena  nould  seem 
to  be  accounted  tor  either  upon  the  hypothesis  that  tlicre  resides  in  the 
leaven  or  ferment  an  ageiit,  whose  quality  it  la  lo  determine  a  spcciBc 
change  in  the  flour,  or  tliat  there  i«  an  operation  which,  Ijecnusc  of  the 
chemical  conditiong  existing,  is  gradually  spreading,  and  which  will  not 
ceaw  until  all  the  material  submitted  to  it  has  been  afloctcd,  and  this  no 
matter  whetiier  it  be  in  the  aame  mass  or  in  fliicccasive  portions.  Of 
such  liypotlieHea,  the  Brst  is  merely  an  elementary  idea,  the  latter  in- 
volves a  philosopUical  conception. 

In  this  way,  therefore,  tlie  so-called  plastic  power  of  a  cell  or  the  genu 
of  a  seed  may  be  regarded  os  the  continued  manifestation  x^inm  w  iii« 
of  an  niitcccdcut  im])reAaion  long  ago  made,  and  which,  im-  I'Ii»i«P'"'m. 
der  the  existing  conditibnH,  has  no  liability  to  w«u-  out  or  diu  away ; 
and  that  impression  may  have  been  purely  physical  in  its  nature. 

Viewed  in  this  attitude,  the  life  of  plants  is  a  physical  plienomcnon. 
The  parts  of  which  they  are  comjioscd  arc  furnished  to  them  Thf  lifo  of 
by  influences  of  a  mechanical  kind:  their  carbon  is  taken  by  p|""»^[* 
a  true  chemical  decomposition  from  tlie  carlMiuie  aciJ  of  the  piieiioininon. 
air;  their  nitrogen  cornea  from  ammonia  or  from  llio  atmoHpbcrc.  Wa- 
ter is  drawn  by  csipUlary  attraction  from  the  ground.  In  virtue  of  its 
chemical  ijualitics,  it  carries  into  the  growing  system  the  various  saline 
bodies  present  in  the  soil,  and  which  are  needftil  for  the  economy.  The 
sunlight,  heat,  rain,  winds,  arc  the  supjilying  and  nurturing  |K>wora,  and 
the  grouping  agencies  residing  in  the  plant  are  of  tJu;  samo  mechanical 
derivation  or  order. 

■  The  germination  of  a  seed  and  the  growth  of  a  plant,  as  thus  consid- 
ered, show  yx9  to  what  an  extent  physical  forces  arc  couccrncd  in  vege- 
table organization.  The  concluaion  thus  indicated  is  enforced  in  no 
common  manner  when  we  direct  our  attention  to  the  series  instead  of  to 
a  single  plant.     This  is  what  I  {appose  to  do  tu  tlic  following  cliaptcr. 
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OS  TITE  ISTHTENCE  OF  PTH'SICAL  AGENTS  ON  THE  OBGAKTC  SBSOU 

Qftim  CroyrOfAy  i^  fiaidx:  tlmir harixmtoJ aatd v^rtioui Lantlisaiim. — Injttmtct^ Btal mm- 
yrmie  fiittribit&tii :  itolUvU  ami  mpgAmmnu/  OmdUiotu.— f'ffnt*  t^f  y»r\atia*»  u  ^&my 
iiy  t^  tAe  Air^  MmaNn,  StiU,  £mfi^i,  Lm^tk  */ Ikq.—Ii^fimilf  t^uMtky  i>f  Itn^  tufw^ 

Sandtor  I>rTOirhatumi  im  tl>t  SfMita  of  i'iaU».—Lo»s  Ptriodi  f^  Tv^  ngwndL— .Smiv  |» 

Inveru  PrMem  </ ike  Iwi>eM^atiam  of  Om  Eartk'n  Hi»iargfnm  l^fatmi  nim.~T*vfm 

umttrint  KporMtj   OUmjm  «  M«  Cmutiiiitim  ^  UW  Air^  and  Loaitaaium  *f  Otjaim 

lArmiyA  ittetiiie  ofiit  £arth'»  Ititenor  Etal. 
I>^<pmet  Acrwcm  ^npt  <md  yradmil  /MjurcMUM.— /miwmUp  Omttm  mt^  pnAta  ir^ 

Crimt. 
Stimuim  <^lhe  ohnv  Prianftn  tf  db  Cam  ifAtimah^—Qm  ^At  tmea  hdtau. 
Omitrui  Arynn^t  wfygrW  fty  thi'MatmiHim  ^  t'pnm.~lMnJiiimtmt  w  wwfcr  Ifa  lufiman^ 

Jjup.-'RmKue»i,iry  ijf^n*  omd  £nmut»  ^  iAvrApMnif.— TV  lAa  ^  Dwtdapmi*  l| 

lav  rwuMMI  irttA  Hniara/  fact*. 

The  publication  of  Ul'MBOLdt's  Esm;^  on  the  GeograpUy  ofPl»« 
0«wi»hi«il  ^^^  formally  drew  tlie  attention  of  botonista  to  tlio  conntt- 
AurtbiUoo  oC  tion  bclwenn  the  diitlribuCian  of  ve^tablca  and  tbc  distrilm- 
''^*'"*'  tion  of  Ileal  on  ibe  eiirfacc  of  liio  globe.     Starting  from  li« 

equator  and  advancing  to  the  po)*:,  in  citlnr  licmisphere,  tLe  mean  anBoal 
tompftraturc  declines  as  the  latitude  becomes  greater,  and  in  anooos^* 
series  of  vegetable  zones,  mei^ng  gradually  into  each  others  though  eadi. 
where  best  marked,  jierfectly  distinguished  from  the  succeeding,  is  cDCflU>* 
tered.     In  the  tropics  wo  have  the  {>alnis,  which  give  bo  striking  a  cbv*'^' 
terbtic  to  the  forests,  the  hruad-lcavod  Umanoa,  and  Ihc  great  dimbnCS 
plants,  which  throw  themselvfts  from  stem  to  steni  like  tluj  ri^;iBg  o>  * 
ship.     Xext  follows  a  xoiic  deiMrribed  as  that  of  evergreen  woods,  in  wl 
the  orangf^  and  the  citron  eomc  to  pejrfectinn.     Beyond  this,  onotlws' 
deciduous  trees — the  oak,  the  chcstnnt,  and  the  fiuit-trccs  with  whi* 
in  Uiis  climate,  we  are  so  well  acquainted,  and  here  the  great  clinibeni 
the  tropics  are  replaced  by  the  hop  and  the  ivy.     Slill  fartlior  advi 
ing,  we  [Mss  through  a  belt  of  conifers — firs,  larches,  pines,  and  oth^ 
needle-leaved  trees,  and  these,  leading  through  a  range  of  bircbea,  whi.-^ 
liecomu  more  and  more  stunted,  introduce  us  lo  a  re^on  of  moeaett  a^^ 
saxifrages,  but  which  at  length  has  no  tree  nor  slirub;  and  finally, 
tlie  perpetual  polar  ices  arc  rcacluid,  tlic  red  snow-olga  is  the  last 
of  vc^table  organizHtion. 

A  similar  series  of  facts  had  been  observed  by  Toorncibrt  In  an 
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of  Jlount  Ararat.  He  found  thdt  tlie  distribution  of  the  reg-  y^^^i  ^j^, 
elation  from  llie  base  to  the  top  of  the  mountain  bore  a  gen-  trtbuiion  of 
eral  resemblance  to  the  distribution  from  the  base  toward  the  "  *""' 
Arctic  regions.  These  facts  by  subsequent  observera  were  gencraliRed, 
it  having  Ix'cn  eatablished  that  there  c.tistn  an  Analogy  between  horizon- 
tal diHtrihution  on  ihe  Kiirihec  of  the  globe  and  vertical  distribution  at 
difibrcnt  altitudes  above  the  level  of  the  eea.  Even  in  the  tropics,  if  n 
mountain  be  sufficiently  higli,  a  verj'  short  ascent  suffices  to  carry  us 
from  Iho  characteristic  endogenous  growths  at  its  toot,  in  succession, 
tlirough  a  zone  of  evergreens  into  one  of  deciduous  trees,  and  this,  aj^fain, 
into  one  of  couilers,  the  vegetation  declining  through  uiosscs  and  lichens 
ae  we  reach  the  region  of  |>er|)etual  snow. 

In  these  two  cases  of  horizontal  and  vertical  distribntion  respectively, 
which  thus  present  such  a  striking  botanical  resemblanee,  uutrihiition 
there  is  likewise  so  clear  a  meteorological  analogy  tlmt  it  is  ofii'*idrirm. 
imposBiLlo  to  avoid  eommg  to  tno  conclusion  tliat  the  uis-  (.mioHof 
tribntion  of  plants  depends  on  the  distribntion  of  heat.  The  P'*""*- 
same  climate  variation  encountered  on  a  surface  journey  directed  from 
the  equator  toward  tlie  poles  is  again  encountered  as  wc  leave  tlie  foot 
of  a  tropical  mountnin  and  go  toward  its  summit ;  for  it  is  a  well-ascer- 
tained fact  tliat  the  feni])eralure  of  the  atmosphere  declines  as  wc  rise  to 
greater  altitudes,  and  that,  no  matter  how  high  the  Kiiinnier  heat  may  bo, 
IPO  may,  by  a  vertical  aa<)ent  at  any  locality,  come  to  a  region  where 
the  lempcroturc  is  never  above  A^"^  l-'ahr.,  and  where  ice  and  snow,  there- 
fore, never  meJt.  It^  in  any  locality,  tlie  mountain  rnngea  arc  nf  HuHtcient 
height  to  gain  that  region,  their  tops  will  be  covered  with  pejpetnal 
9now.  The  vertioal  asmnt  thus  to  be  made  is  less  as  the  latitude  is 
greater.  At  the  equator  it  is  ir),20l)  feet,  and  at  the  eightieth  degree  it 
is  within  4.^0  feet  of  the  ground.  Beyond  this,  the  surtace  itaelf  is  per- 
petually frozen. 

The  mean  temperatore  of  a  place  determines  its  vegetable  growth,  and 
hence  there  will  ever  be  a  resemblance  between  the  vegetation  of  places 
of  the  same  mean  teiniierattiie,  though  they  may  be  geographically  very 
wide^aparl-  But  this,  thougli  a  resemblance,  is  %'ery  far  from  being  an 
identity.  We  can  not  always  designate  by  name  tlie  particular  phmts  of 
a  high  latitude  which  shoiUd  be  found  at  a  corresponding  elevation  in  the 
mountains  of  the  tropics.  There  may  be  the  general  resemblance  of 
which  we  have  been  speaking,  nnd  yet  the  genera  and  specie:?  of  plants 
in  the  two  places  may  be  quite  distinct.  But  this  faet,  tar  frt>ni  affecting 
the  truth  to  which  we  have  arrivfnl  of  the  control  of  a  physical  agent 
such  aa  heat  over  the  distribution  of  plants,  leads  na  to  ex-  j„fl„^n^  ^^ 
tend  it,  and  teaches  us  tlial,  though  we  might  expect,  in  oibor  ph>-il«Rl 
places  far  apart,  identically  the  aanie  vegetable  growths  if  '="'"''"*™- 
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aU  the  physical  conditious  were  identicnl,  yet,  since  IicaI  is  only  oh  of 
these  conditions,  il  alonu  is  insufficient,  and  tiiat  difterencca  in  the  pit*- 
ore  of  the  ab,  the  amount  of  nioititure,  the  quantity  of  carbonic  adiu 
also  Toriations  in  the  conatitation  of  the  soil,  must  liave  their  efibct.  Id* 
stead,  tlien.  of  limiting  our  views  to  tlie  control  of  tempetatore  onrtb 
occurTVJiec  of  planis.  we  must  cnlai^  them  in  such  a  way  aa  to  iocfadt 
diveJB  other  inHuenoca,  some  of  which  arc  those  just  mentioaed,  uul  iQ 
an?  equally  of  a  physical  kind. 

Tbiri  therefore  brings  before  us,  in  an  impressive  manner,  the  Buhjecttt 
whioh  this  chapter  is  devoted,  tJic  influence  of  physical  agenta  gOKiillj 
over  organization. 

That  tlio  conditions  of  temperature  alone  arc  insufiicient  to  aocoootfir 
the  occurrence  and  distribution  of  plants  may  be  clearly  catsblisbed  Inr 
the  aid  of  another  seriea  of  facts.  Tliroughout  the  old  oontinenl,  wiik 
the  exception  of  its  torrid  sunc,  from  tlic  south  of  Atrica  to  the  nortliof 
Europe,  Jicaihs  abound,  their  species  beinj^  very  numerous  in  the  Boatli> 
cm  latitudes,  less  so  in  the  northern,  but  the  individuala  incicafuigii 
tmnitjer  as  the  Bpocio*t  diminish.  At  the  cxtrrmc  north  the  connK 
heather  remains  aa  the  sole  representative  of  the  whole  group,  aod  » 
universally  covers  (he  surface  as  to  give  a  charactertslic  feature  toAe 
landscape.  But  in  America,  which  reaches  through  all  correspond 
decrees  of  latitude,  and  has  in  its  proper  localities  the  same  mean  itt> 
jjCrattirefl,  not  a  Riiigle  hrath  ever  occurs.  Again,  in  tlio  Xcv  WtfU. 
through  forty  degrees  on  each  side  of  ilie  equator,  the  'cactus  tribe  of  w 
kinds  of  grotesque  forms  abounds,  but  in  Atrica,  though  there  itelottl* 
ities  of  corresponding  temperature,  not  a  single  cactus  is  to  be  seen.  Va 
spurges  there  make  their  appearance.  So,  again,  in  Australia,  the  forests 
present  a  melancholy  and  shadeless  character  Bom  their  leafless  caian^ 
nsH,  acacias,  and  eucalypti,  whereas,  if  temperature  alone  were  concen- 
ed,  they  should  oRcr  the  same  aspect  aa  the  forests  of  XortJi  :\in<n9 
and  Europe. 

Restricting  our  (rsamination  for  the  jiresent  to  the  influence  of  beat,  H 
inBiMtiM  or  may  l>e  observed  that  this  is  by  no  means  so  simple  as  w^ 
totttwdwin-  ■*  **"*  appear.  Its  distribution  does  not  correspond  Tiii" 
im(ut<u  the  latitude,  the  lines  of  equal  mean  temperature,  isotlieflo'' 

Uncs,  not  coinciding  with  the  parallels  of  latitude.  If  we  examine  toe 
ftones  of  plant  distribution  just  described,  wo  find  that  they  follow  tht 
isothermal  tinea  much  more  closely  than  tlio  latitudes;  but  even  beA 
again,  there  ani  very  great  deviations — deviations  which,  however,  «K^ 
some  extent  understood  when  we  recall  thnt  it  is  not  so  much  with  »>' 
mean  annnal  temperature  that  plants  are  concerned  as  with  the  «|ic<^ 
temj^crature  of  particular  moments  of  the  year.  For  the  most  part  tbef 
are  atfccted  by  the  heat  of  the  summer  season,  which  is  theii  peiio<I  <* 


INFLirENrE  OF  THE  AIR   AND  MOISTITIE. 


475 


grovtli,  and  lliougb  two  locolitica  may  hare  tlic  satne  mean  onntinl  tcin- 
j*rttturt!,  it  docs  not  follon*  lliat  their  maximum  ot'  cold  for  the  winter, 
and  their  maximum  of  heat  tor  the  summer,  ahouUl  coincide.  It  was 
sncli  considerations  that  led  to  the  constniction  of  Uothcral  lines,  or  those 
of  equal  summer  heat,  and  isochimeuul  lines,  or  those  of  equal  wiulur 
cold. 

Into  the  causes  which  bring  about  this  difference  of  heat  distribution 
it  is  uot  itceesHury  fur  tis  hmr  to  iutjuirc  minutely.  They  CMuoortlir 
«R!  very  various.  The  prevalent  irinda  at  different  aeasona  1^^01100  rf 
ofthe  year,  ocean  currenta,  the  geological  structure  of  a  cotm-  i«*t- 
try,  even  what  might  be  termed  its  opticid  qualities,  that  isi,  its  power  of 
fthsorbing  the  rays  of  tlie  sun  (for  instance,  the  great  Desert  of  Sahara 
disturbs  the  temperature  of  all  Europe),  and  upon  lik<.  principles  must 
act  the  removal  of  extuniiivu  forests,  and  their  h'ubstitution  by  equivalent 
ftUrfaccA  of  cultivated,  differently  colored,  and  differently  absorbing  lauds, 
rlevation  above  the  sea  level,  for  the  liigher  the  country  the  lower  its 
temperature :  these,  and  o  multitude  of  other  such  conditions,  impress 
an  cffoct  upon  the  dLitnbutiou  of  heat.  Tlic  mean  annual  temperature 
Itprosents  the^'  and  all  other  such  influences,  and  includes  all  the  varia- 
tions, diurnal  and  noctimial,  monthly  and  seasonal,  for  the  year. 

The  organic  functions  of  a  plant  demand  particular  tcuqjcratures  at 
pBiticular  times.  Thero  is,  doubtless,  a  special  degree  best  suited  to  tlie 
^leriod  of  germination,  another  to  the  period  of  aerial  growth,  another  to 
the  period  of  fertilization,  and  another  to  that  of  ri[>cning  the  soe<lB ;  and 
these  degrees  differ  in  the  oom^  of  eliffert-nt  plants.  Where  the  require- 
nenta  become  so  complicated,  it  would  be  erroneous  to  expect  Uiat  the 
Dican  annual  temperature  should  satisfy  them  alL 

Comicctcl  hi  part  ivith  temperature,  and  in  |)art  with  elevation  above 
kbe  sea,  are  the  variations  iu  the  density  ofthe  air.     These  influonmorv*. 
bontiol,  to  a  certain  extent,  the  aerial  supply  to  plants,  the  '***1«»'''  *• 
quantity  presented  to  tJieir  leaves  diminishmg  as  the  density  sir— raotMu*, 
becomes  less.  "^^ 

The  eanio  observation  may  be  made  respecting  moisture,  which,  aa  is 
*ery  well  known,  constitutes  one  of  the  most  intiuential  condition.**  in  de- 
lennining  the  growth  of  plants,  and  tins  in  a  double  way,  either  as  va- 
por contained  in  the  air  or  as  rain.  The  effect  of  rain  in  this  respect  is 
twofold:  it  diminishes  the  quantity  of  atmosplieric  carbonic  aeid  by 
txetting  over  it  a  solvent  power,  carrying  it  into  the  gromid,  and  thereby 
ftdttcing,  by  sometimes  as  mncli  as  one  half,  the  supply  on  which  the 
leaves  are  depending:  it  also  brings  in  larger  quantities  to  the  interior 
il"  the  plant  the  saline  constituents  of  the  soil  which  arc  requisite  for  tia- 
rue  development. 

To  variations  in  the  temperature,  the  density  ofthe  air,  and  its  moist- 
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TnancDMof  <ire,  as  affecting  the  wpll-bcing  of  plantii,  may  be  added  llie 
the  Mil.  chemical  conslitution  of  tlie  soil  U|)Oii  whicli  they  grow.  Liine- 
plants  can  never  he  developed  except  on  soils  in  wliich  that  earth  abund- 
antly occurs,  and  tJic  same  may  be  said  of  potash  or  eoda  plants,  or,  in 
shorty  of  any  whirh  demand  dome  special  nitneral  iiif^rcdicnt.  Thus,  for 
instance,  tlic  salsolas  and  snlicornins,  wliii-h  grow  ahimdanlly  on  the  At- 
lantic ahores  of  France,  and  which  require  for  tlieir  development  Ibe 
aalino  ingredients  of  the  sea,  we  iiowhuru  to  he  ueen  throughout  Ceiitral 
Europe,  though  they  reappear  on  the  salt  steppes  of  Kussia,  and  abound 
nround  the  Caspian.  We  shoold  Bcarcdy  expect  that  Bca-weode,  into 
the  composition  of  which  bromine  and  iodine  uljunthiiuly  enti-r,  should 
ever  grow  in  watcrH  from  which  these  eliemtcal  elements  are  totally  nb- 
aent  Upon  theaa  princi]>le3,  the  vegetation  of  extensive  tracts  of  coun- 
try has  undergone  a  change  in  an  artiHcial  way.  Thua,  for  instance,  in 
Virginia  and  otlicr  .Southern  Statc-s,  wc  may  pass  for  milea  in  succession 

■tiirouglt  tractd  iu  which  the  ancient  forest-grow tha  h&\e  tjeen  replaced 
by  the  Pin  us  tteda,  or  old  field  pine.  These  are  tra^-ts  fruni  wliich  the 
potash  aaltii  have  been  removed,  to  a  gnrat  cxtcJit,  by  tliu  culture  of  to- 
bacco. And  of  the  indigenous  trees,  this  pine  requires  the  smallest  pro- 
portion of  those  salts.  It  therefore  can  fiourish  wliere  the  others  can 
not  exist. 

From  what  has  been  said  in  the  Inst  chapter,  it  may  bo  inferred  tliat 
Influrar*  of  among  the  various  conditions  thus  influencing  the  growth  of 
Uwum'siiKht.  ^  plant,  none  arc  of  greater  imijortance  than  the  amount  of 
light  furnished  to  it.  Through  this  agent  the  decomposition  of  carbonic 
odd  is  effected,  and  the  plant  obtains  from  the  air  the  carbon  it  requires, 
out  of  which  its  solid  structures  are  for  the  most  part  built  The  rapid- 
ity with  which  tlio  reduction  of  the  carbonic  acid  takes  jilacc  dejiends 
upon  the  bnlUani^  of  the  light,  and  the  amount  of  carbon  thus  obtained 
upon  that  condition  and  tlic  time  of  exposure  conjointly.  Tiie  amount  of 
light  received  troni  the  sun  in  any  localitv  depends  in  a  general  way,  as 
docfl  the  heat,  upon  the  latitude;  but  in  both  cases  a  multitude  of  disturb- 
ing agrncics  interven'r.  Variations  of  mnisturc  control  the  supply  of  light 
by  pemiitting  a  tninslnccncy,  or  establishing  its  opposite,  a  cloiuliiiess  or 
luurkinesa  of  the  air.  Other  meteorological  causes,a6,  for  example,  winds, 
by  condensing  or  removing  moistiu^,  act  in  like  manner;  so  also  do  aa- 
Ini!uenc«  of      trunomicat  conditions,  citpecially  by  influencing  the  relative 

I  ^*  I'nwtJ'^i  of  length  of  the  day  and  night ;  for,  as  we  advance  toward  the 
l«rif{U)<rf tl)B  pole,  the  summer  sun  is  above  the  horizon  longer  and  longer. 
^y-  In  Norlhern  Kurojie,  during  the  month  of  June,  he  never  sets, 

but  remains  all  night,  if  night  it  can  bo  called,  above  the  horizon;  and, 
as  Berxeliiui  well  remarks,  "Under  the  influence  of  this  midnight  «un  of 
the  North,  the  life  of  plants  runs  through  tlie  same  cycle  of  cliange  in 
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X  weeks  which  it  iak<>3  foiir  or  five  months  to  accomplish  in  bcaatiful 
tnl.v." 
Attempts  have  been  nuulc  to  establiBh  the  doctrine  that  every  plant 
uires.  Ironi  the  liioe  of  itifi  germination  to  tlie  clotic  of  its  li<>niiiio  qntn- 
organic  activity,  a  definite  araouiit  of  heat.  The  following  ^^J'^j  5,1""^ 
cxaitiple,  in  tlio  case  of  barley,  Ih  funnslicd  by  Sdiloiden.  i'i*it> 
"In  KgTpt,  on  the  baiikw  of  the  Nile,  liarley  ia  sown  at  the  end  of  No- 
Tcmbcr,  ami  han-csted  at  the  end  of  I-'cbmary ;  the  period  of  v^lalion, 
therefore,  amounts  to  about  90  days,  and  the  mean  temiKratare  of  tlus 
season  is  69^^  46'.  In  Tuquercs,  near  to  Cumbal,  under  the  equator,  the 
lime  of  sowing  in  the  mountains  for  barley  i^  about  the  I  i*t  of  June^  the 
time  of  harviait  the  middle  of  November;  the  mean  temperature  of  this 
regetttting  season  of  liiS  days  is  dU^  12'.  At  Santa  F6  de  Bogula  they 
number  122  days  between  seed-time  and  harvest,  with  a  mean  t8mpei»> 
tun:  of  ST''  24'.  If,  now,  the  number  of  days  is  niultipHpd  by  tlie  figures 
of  tlie  mean  temperature,  nre  obtain  63S2  for  Kgypt,  W^ilfJ  for  Tuque- 
reft,  for  Sauta  ¥6  6480^;  therefore  as  nearly  the  same  nnmber  as  the 
uncertainly  in  the  estimate  of  the  days,  tiie  accurate  mean  tomj^erature, 
and  the  want  of  knowle'.lge  whether  or  not  the  same  kind  of  barley  is 
cnhtvated  in  all  the  pieces,  will  allow  us  to  expect  Kiuiilar  results  arc 
obtained  for  wheat,  maize,  the  jiotuto,  and  other  cidlivated  phtnt^.  We 
may  express  these  results  thus :  Kverj  cultivated  plant  ret^juirca  a  cer- 
tain quantify  of  heat  for  its  development,  but  it  is  the  same  thing  wheth- 
er this  heat  in  difllributfd  over  a  shortrj-  or  longer  space  of  time,  so  that 
certain  limits  arc  not  exceeded ;  for  where  the  mean  temperature  sinks  be- 
low 36^  24',  or  where  it  rises  above  71°  36',  barley  will  iio  longer  ripen. 
Consequently,  to  detine  accurately  the  conditions  of  temperature  whldi  a 
pUnt  requires  to  maintain  it  in  a  flourishing  condition,  wc  must  state 
vithin  what  limits  its  period  of  vegetation  may  vary,  and  what  qnantity 
of  heat  it  requires.  This  most  remarkable  circumstance  was  first  ob- 
served by  Bottftiringault,  but,  unfortunately,  we  as  yet  iwssess  not  nearly 
mfficieolly  accurate  accounts  of  the  conditions  of  culture  in  the  various 
regions  of  the  earth  to  enable  us  to  follow  out  this  ingenious  view  in  all 
its  deuils." 

Bcspccting  the  calculationn  offtTcd  in  the  procwling  paragraph,  the  re- 
mark may  be  made  that  they  contain  an  clement  which  vi-  j},^  fff^^  ^ 
tiatea  their  correctness,  ami  that,  if  the  proper  data  were  re-  ''"'  '""""'ly 
sorted  to,  the  general  principle  into-ndcd  to  be  demonstrated  oihcai  wiui'd. 
iroold  be  fai  more  clearly  established-  Tlie  degrees  of  the  •'^■ 
tbennumeter  are  not  the  data  required,  for  tliat  instrument  indicates  the 
intensity,  but  not  the  quantity  of  heat.  If  some  form  of  calorimeter  were 
aulwtituted  for  it.  the  result  would  turn  out  very  diiferently.  .\s  an  illus- 
tmtion,  if  a  luass  of  ico  of  constant  surfucowas  expo^nl  to  the  wannlli  in 
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each  of  these  Tariotu  casesr  the  qtiantity  of  water  nHsing  from  its  me^l 
ing  shonldbc  the  same  at  the  close  of  the  spcciHcd  niitnbcr  of  days.  In 
this  case  tiie  true  element  is  introduced — the  element  of  quantity,  as  ^ 
tennincd  by  one  of  the  ordinary  calorimetric  methods. 

It  is  not,  however,  to  be  inlerred  from  this  criticism  that  the  pecvaiar 
quality  of  heat  which  ^vc  rocogntzc  indifferently  by  the  terms  inteo-^aty, 
temperatutiN  or  d^gn-e,  i?  witliont  siguifit.'aiice  in  tlie  case  of  plants:     iIk 
limiting  maxima  and  minima  between  which  ■  given  plant -can  csi^xut 
prove  that  both  conditions  exert  an  inflacnce,  though  they  exert  it    u  ■ 
different  way.     Poubtlewt  a  plant,  from  the  lime  of  its  gennlnatiox] 
that  of  the  completion  of  its  organic  life,  must  liave  a  deliiiite  <|uaxa 
of  heat  measured  out  to  it,  but  its  organic  functions  might  be  fatally  Jit. 
leriered  with  if  the  tun]>craturo  should  rise  abovo  a  limiting  maxiimiM. 
or  sink  buncath  a  minimum. 

The  dcSnito  quantity  of  heat  in  this  manner  demanded  by  each  plw 
is  probably  connected  with  a  purely  meclianical  effect — the  necessity  tot 
the  evaporation  of  a  definite  quantity  of  water  by  the  leaves.  The  mor- 
ganic  salt  substances  required  by  every  plant  are  introduced  through  in 
roots  in  a  state  of  solution  in  water,  and,  since  these  salts  are  montiydf 
sparing  solubility,  a  great  qiuintity  of  water  is  required  to  accomfiliili 
the  object.  Nevertheless,  they  are  dissolved  at  a  given  hcat-df^;ne  tii 
an  invariable  proportion  in  the  liquid,  and  arc  required  by  the  plant  in  a 
determinate  proportion  as  compared  with  its  mass  ;  so  that,  wcte  ibcn 
no  other  reason,  this  doubtless  would  be  sufficient  to  account  for  the  co- 
cumstance  under  consid^ation. 

It  sliould  also  be  remembered  that  every  plant  generates  a  oectVD 
Ji^nahuiti  amount  of  heat,  whicli  varies  with  its  organic  condition  at<lw 
nbiogfiron  time.  The  experiments  of  Professor  Paino  present  this  m*" 
tionorhnu  interesting  point  of  view.  The  following  extract  is  from  tl* 
inplanu.      Jlcdical  jind  1 'liy Biological  Commentaries,  vol.  iL,  p.  75: 

"On  the  9th  of  April,  1831),  we  repaired  to  a  forest  in  New  Jersey. 
Prrf.  P«inB'«  provided  -with  very  delicate  thermomctrrs,  of  Fahteuhetl's 
Mpmmwiu.  soak-,  constructed  for  our  object.     The  bulbs  we»  no  U»F* 
than  tlie  stem,  the  range  of  the  mercury  extensive,  and  the  deg^^*^ 
marked  upon  the  glass.     TIio  stems  filled  exactly  the  bore  of  a  ss*"^ 
spiral  auger,  and  when  the  glass  was  introduced  the  air  was  eiclud«3- "- 
applying  a  silk  handkerchief  around  the  hole.     The  perforatioiis  wnutfT' 
mado  on  the  northern  wdc  of  the  trees.     Fifteen  minutes,  at  least,  s^***^ 
allowed  for  the  subsidence  of  the  heat  that  arose  from  the  friction  o^"*^  . 
perforator,  and  the  thermometer  was  generally  reapplied  at  differenC:^^  *f" 
tervals  afterward.     The  perforations  were  made  about  four  feet  above^^, 
ground,  and  the  diameters  of  the  trees  were  asoertnined  at  tliis  fC^^-^^ 
When  the  diameter  was  five  inches  or  more,  the  purluratioiis  were 
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k  the  depth  of  two  and  a  luUf  inches.     "WTiwi  the  diameter  waa  less  than 

ve  itjchea,  the  tliermometcr  was  introduced  aA  tar  aa  the  centre  of  the 

we." 
Of  the  taWes  given  by  Profussor  Paine  I  select  the  following: 
L    ''Bange  of  tfaennometer  in  the  shmlo  during  the  obscrrntions,  which 
Iwted  sU  hoiLr»,  from  38^  to  /J2'=  :  near  freezing  at  sunrise. 
If    "A  dead  upright  dry  tKni  wiw  Bclccted  as  a  standjird  of  comparison. 
Uta  diameter  was  twelve  inches.     The  tcnipcmturc  of  this  tieci  at  the 

(HmW  of  our  observations,  was  45'^  at  tho  centre  and  in  all  other  parts. 
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'be  beat  which  is  thus  liberated  by  plants  stands  in  the  stead  of  a 
certain  amount  of  atmosplieric  beat^  and  tberefore  complicates  the  preccd.- 
iug  considerations. 

Bjr  ancb  factii  as  those  which  liave  now  been  presented,  we  may  be 
latisficd  tbat  the  M'elbbeing  of  plants  is  aflcctcd,  and  even  Annmpiiib- 
Iheir  existence  determined  by  the  influence  of  cxtcnial  agents,  J^'""'."' ';•'''■ 

'  o  '    uoc«  mine  Kp6> 

knd  tliat,  in  tbis  manner,  they  urc  capable  of  having  changes  ci««  rf  plwit*. 
ipreased  upon  tbcm  even  in  an  artificial  way.  If  we  furnish  <u  them 
>Be  materials  or  conditions  which  their  circumstances  require,  tbey  will 
w  with  luxuriance,  or  under  an  opposite  state  of  things  wi\\  dwarf 
way ;  and  where,  for  a  long  jtcriod  of  time,  Huch  conditions  are  imjMsed 
iD  eacocsgive  generations  of  tlicm,  a  jicniianent  change  may  be  effect- 
lORC  which  have  appeared  as  varieties  assuming  the  more  dc6nile 
and  persistency  of  aub-spedes.  The  general  impresBion  alluded  to 
the  last  chapter,  that  such  peculiarities  arc  only  to  be  extended  by 
budding  or  otlier  oquivaknt  operations,  and  that  tho^e  which  we  regard 
dificrent  individuals  arc  truly  fragmontij  or  parts  of  llio  siune  individ- 
does  not  here  properly  apply.     A  like  propagation  of  peculiarity  is, 


ia  a  multitude  of  instaiioes,  accomplished  b_v  the  ii£e  of  seeds,  and 
precisoly  in  the  inslanoe  in  which  we  should  be  led  to  expect  iu 
our  kitt:hen-gurdcn  plants,  the  carrot,  the  beet,  the  turnip,  the  cabb«gr,  the 
pea,  etc.,  wc  [irojMigalp  the  expected  kind  withmit  aiiy  uncertainty  bv  tin- 
use  of  seed.-*,  ncvrr  suppo.<ing  that  thoy  will  run  l>ack  to  the  wild  stock, 
or  give  origin  to  plants  ditTercnt  to  those  lirom  which  they  were  dcmed. 
Tlie  cafe  of  man,  exerted  for  many  years  u|<on  tliese  vegetablestbas,  tfaen, 
impressed  upon  them  a  chaiigv  very  far  trom  ephemeral  in  its  nature,  Moi 
enabled  them  to  pass  firom  the  condition  of  mera  varieties  into  that  of 
actual  sub-spocies.- 

Ackuowled^ng,  therefore,  the  influence  which  physical  agents  cxeit  on 
KrcMdij-or  the  growth  and  development  of  plants,  and  admitting  tiiof 
iliB«ftrcih«»i^  **^oring  circumBtanoca  will  bring  on  a  modification  of  {earn, 
iag  piuitA.  especially  if  applied  long  enough,  and  that  man  himMll*.  hv 
his  arts  of  culture,  can,  without  diHiculty,  cstaUish  similar  Tariatioue.R 
might  be  led  to  expect  that  more  profound  changes  in  external  ciioiah 
stances,  if  steadily  applied  through  extended  periods  of  timo.  would  gitt 
origin  to  more  utrikitig  results.  A  variation  in  the  conutitution  of  thcaic, 
iu  tlic  brilliancy  of  light,  in  the  mean  temperature,  moisture,  or  cheadcal 
constitution  of  the  soil,  if  kept  up  for  thousands  of  years,  or  pennuunt- 
ly  established,  could  not  fail  to  exert  a  pruligioua  ciTcct  upon  the  rholc 
vegetalde  world.  If,  for  example,  tlie  brilliancy  of  the  sun  in  the  alow 
lapse  of  centuries  should  gniduuUy  dt;cline,  or  the  mean  tempersttutof 
the  surface  of  the  earth  should  descend,  or  enormous  quauttbes  of  ot- 
1x)nic  auid  be  permanently  removed  from  the  air  and  replaced  by  eqtiiTa>- 
lent  volumes  of  oxygon  gas ;  if  carbonate  of  lime,  to  an  extent  suffideot 
for  the  formation  of  geological  strata,  went  removed  from  the  waters,  in 
which  it  could  no  longer  l>c  held  in  solution  because  of  the  wiihdnnl 
of  carbonic  acid  from  tlie  atmosphere,  it  must  follow,  as  a  mntier  of  ioi^v- 
itabic  necessity,  that  the  whole  vegetable  world  would  leel  the  chai^ 
PlaiLts  that  at  one  time  existed  coxild  exist  no  more;  others,  by  grsdn- 
aliy  itccommodating  tlieinHclvcs  to  the  alow  revolution,  would  exhib)< 
here  the  devclopnient  of  one  |iart,  there  the  development  of  another,  utd 
some,  which  perhaps  maintain  themselves  with  difficulty  under  the  old 
state  of  things,  would  now  begin  to  develop  themselves  in  a  more  Inxo* 
riant  way. 

Tlie  clianges  here  spoken  of  hypot  helically  have,  however,  actually^* 
SwnJirrtuDgcH  curred  in  the  history  of  the  earth.  We  can  not  «hut  oar 
Mcwring  to  ihc  eyes  to  iho  corresponding  march  which  vegetation  has  ii*'^' 
doutni;  varia-  conmicnciiig  in  the  earliest  geological  times  with  tlie  ften* 
tioiu  in  jiknto.  legg  cryptogamia,  followed  by  thoao  provided  with  etcnii^ 
and  lca%'eB,  the  gymnospores,  such  as  the  eoniftrni  and  rycad«e,  D^^ 
making  their  appearance,  after  these,  monocotyledons,  and  at  last  th^ 
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dicotylodona — a  Bteatly  progression  irom  thoae  wbtch  we  may  term  of  a 
loirei  to  thotw  of  h  more  elevated  organization,  aiid  all  tbU  was  prodaced 
l>y  the  iiilluence  of  physical  aguiils. 

On  »o  finn  a  footing  may  we  regard  this  doctrine  as  now  placed,  that 
Mm  can  use  it  for  the  purpose  of  determining  from  the  oncer-  Ay_ii_,,i_-  „* 
Caineil  bolonical  condition  of  our  pluiiot  at  any  period  the  ihwopriadpioi 
phrucal  conditiona  under  which  nlut  then  existed,  and  this   °^'^'V- 

P-vntli  a  precision  constantly  becoming  greater.     Among  the  more  impor- 
tant facts  which  have  been  distinctly  made  out,  a  few  may  be  cited  as 
SJluatrations  of  the  subject  now  treated  of-     For  example,  Ist.  The  ex- 
^i»tence  of  a  tropical  climate  in  re^ons  of  very  high  latitude,  as  is  proved 
H  Xix  the  oceurrenco  of  fossil  tropiuil  plants  therein;  2d.  That  all  over  tiie 
Blglobc  the  tempcraturo  was  once  nearly  uuilorm,  nothing  answeiing  to 
^rbat  we  now  term  cliniatus  existing,  as  Is  proved  by  the  uniformity  of 
the  TCgctable  growtlia  preserved  as  coal  from  the  equator  to  near  the  polar 
circles — great  arborescent  crj'ptogamio,  exceeding  in  aisMJ  the  arborescent 
fvm»  now  growing  in  the  Pacific  islands  under  the  cfioinoctial  line. 
I'lom  such  a  botanical  fact,  wo  reason  without  error  to  the  BwvaOeavt 
oonclusion  that  in  those  times  the  JnHucnce  of  the  sun,  so  cUiuMoathi 
&r  «s  the  supply  of  heat  was  concerned,  must  have  been  inL-.!  (thid  lu 
vlioUy  overpowered,  the  intrinsic  tcnijicrature  of  the  jilanut  '***''  ^'"*' 
obliterating  all  climate  subdivisions.     3d.  Tlwt  these  climate  flubdivia- 
^ftiODS)  which  arc  now  presented  as  existing  side  by  side  in  zones  npon  the 
^^Jilanet,  were  introduced  for  each  latitude  in  an  order  of  succession  as  to 
tiine ;  that  even  the  frigid  zuue,  by  reason  of  the  oouling  of  the  earth, 
luu  passed  through  an  ultra-tropical,  a  tropical,  and  a  temperate  degree 
^of  heat  to  reach  its  present  state ;  4th.  Tlmt  the  extinction  of  the  old 
^Px'Cgctablc  forms  was  accomplwhcd  by  an  inability  of  those  organisms  to 
nuintain  thenuelrea  in  the  physical  revolution  that  was  gradually  taking 

Klacc  Among  such  may  be  mentioned  the  dying  out  of  gigantic  eqoi- 
stuma  or  horaetails  twenty  feet  higlt,  club  mosses  rivaling  forest  treesi 
caUmites  and  stigmarias,  these,  as  they  disappeared,  being  replaced  by 
cycadaceSB,  and  conifcne,  and  tree-like  liliucuL>.  Kven  long  after  tlic  do 
pOeit  of  the  coal  there  douriehitd  in  England  innumerable  palms,  which 
maintained  themselves,  with  their  tropical  associates,  into  the  tertiary' 
cime*. 

Among  the  physical  events  winch  geological  rcscarclics  disclose,  there 
0n  two  of  aorpassing  importance  in  the  history  of  the  globe,  j^^  t,noehM  in 
and  both  of  tliem  immediately  connected  with  the  doctrine  the  buior^  of 
we  have  under  discossion;  these  are  the  change  impressed  "^ 
OD  tlic  atmosphere  by  the  withdrawal  firom  it  of  those  enormous  massoe 
of  ciax\)on  deiwsited  under  the  diftercnt  forms  of  coal,  and  the  localizji- 
of  plants  and  animals  in  climate  distribution  as  tlic  sun's  rays  bo> 
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gan  to  assert  their  influence  tlirongh  ihc  lowering  of  the  mrfiuae  tmfti' 
ckuft*  la  uw  ature  of  the  globe.  The  first  of  tbeae  erenta  vas  not  iJon 
^£b^^  '^  limited  ill  its  effect  to  a  disturbanco  of  the  organic  ftuc&M 
pben.  of  plants  by  diminishing  the  ainouiit  of  gaseous  inateriKi  (ma 

which  they  gathered  their  BupfKirt  in  the  air:  its  induence  was  also  fell 
in  animal  lii'e  by  rendering  ilittt  possible  which  was  not  possible  bdm 
— ^the  existence  of  the  quickly-rc^piriDg  and  hot-blooded  tribes;  for  ir  lA- 
lows  AS  a  chemical  necessity  that,  under  tlic  circumstances  of  ihecw, 
iho  removal  uf  the  carbonic  acid  was  attended  with  the  evolaiion  oTan 
equal  vuluroe  of  oxygeu  gas.  As  reepecta  the  influence  of  tlie  8uxi,irliicfa 
gradually  led  to  the  eslabliahment  of  climates,  first  in  an  order  oftnne. 
and  tlien  iu  an  order  of  place,  this  was  tlic  signal  for  the  localizalion  of 
DaHiite  l««U-  p''^^^  ^'"^  animals  in  definite  regions.  From  many  coin- 
sMlcnsrpUnia  tries  which  they  had  thus  far  inhabited  they  were  now  ex- 
*"'  pelted,  and  barriers  of  temperature  placed  around  themwliiA 

tliey  could  never  again  overpass.  And  as  these  great  cliangea  occin^. 
tbey  were  attendeil  by  the  ex.tinction  of  countless  fonns  in  botb  kii^ 
doms,  M'hich  were  utterly  unable  to  maintain  thcmsclvcB  iu  the  new  ci^ 
cuinstanoes  around  them,  their  places  being  occupied  by  the  exteaMi 
of  contcniponuiuous  forms,  or  by  llie  appearance  of  othors  that  were  whol- 
ly new. 

As  an  illustration  of  the  manner  in  whicli  a  vegetable  organism  but 
BxMDniavf  Ilia  ^  ^s^  '«  this  invcrsc  way  for  the  detennination  of  pLpifr 
inr«n«  nurihod  ftl  conditions,  I  may  introduce  the  following  quotation  tium 
Scldeidci] :  *'  The  gradual  con\'eniion  of  the  univ'ecsal  tK^ 
ical  climate  into  the  present  climatal  zones  may  be  shown  in  aaodiff 
very  iiitcrcstttig  manner  in  ipiito  a  sjiocial  in»tanoe.  All  ligneous  tranb 
of  coniferous  trees  continually  increase  in  thickness  at  all  parts  of  tbiir 
circumference.  In  the  equatorial  regions,  where  the  climate  retains  ik 
sunic  character  uninterruptedly  throughout  the  year,  this  thickening  of 
tlie  trunk  proceeds  without  interruption  and  homogeneously ;  no  oimA 
betrays,  in  a  smooth,  transverse  section  of  the  stem,  the  time  nhich  inf 
required  for  its  formation.  Aa  we  proceed  toward  the  norlh,  liovna- 
as  the  climatal  conditions  protluoe  continuaUy-inc-rca*«ijig  diversity  m  iH' 
particular  seasons,  the  corresponding  growth  in  thickness  shows  tteclf  to 
have  been  furthered  by  the  favorable  season,  and  restrained  or  altogclfcff 
interrupted  by  the  unpropitious  times.  In  a  cross  sccth>D  of  a  stonW 
seen,  the  higher  the  latitude  in  which  it  has  grown,  the  greater  ^^ 
cnoes  in  the  structiuv  of  the  successive  portions  of  the  wood,  until  fiB** 
ly,in  the  latitudes  where  tliere  is  a  severe  alternaliou  of  winter  Bnd«* 
mer,  so  striking  Itccomcs  the  diflercnce  between  the  wood  tost  fonDel"' 
summer  and  that  (irst  produced  in  the  next  spring,  that  wo  may  coa»l' 
in  the  number  of  anntilnr  morkn  thus  produced  in  a  cross  section,  wil^ 
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great  certainty  and  accuracy,  the  number  of  years  which  liave  been  oc- 
cupied ill  the  formation  of  the  trunk.  The  circular  linos  u))qii  the  crosa 
section,  well  hnowu  to  every  foruuter,  are  thence  caUed  annual  rings. 
When,  fortilicd  with  tlio  knowledge  of  this  factt  we  compare  with  each 
otiier  the  trunks  of  the  conifera  wliich  we  obtain  from  the  various  epochs 
f)f  formation,  we  find  that  the  oldest  remains  exhibit  no  trace  whatever 
of  annual  rings,  but,  in  the  courae  of  time,  tlicy  become  continually  more 
defined,  so  that  lastly,  in  the  most  recent  formations — for  instance,  in  the 
upjKiT  brown  eo(d — they  appear  uiorked  just  as  distinctly  aii  in  the  trees 
now  living  in  the  some  localities." 

In  speaking  of  artificial  changes  impi-esscd  by  culture  upon  domestic 
plants  which  liavo  lieen  convertwi  from  varieties  into  sub-  ixirerenM  be- 
wpccics,  the  importance  of  the  element  of  time  was  insisted  "™'"  'J"^.''' 
upon.  In  the  same  manner,  in  the  changes  which  have  oc-  impreuioDion 
currcd  during  geological  periods,  the  successive  replacement  ?•*"'"■ 
of  one  class  of  vegetable  forms  by  ai)otlier,  that  element  again  obtrudes 
itself  upon  our  notice.  If  a  hw  years  serve  to  establish  such  minor 
changes  us  the  perpetuation  of  varieties  into  sub-species,  what  should  be 
expected  from  the  enduring  influence  of  innumerable  centuries?  5Ior&- 
Qvcr.  in  these  artificial  results  there  is  a  necessary  abniptncss  in  the  appli- 
eation  of  the  disturbance,  wliich  can  not  but  exert  an  unfavorable  influ- 
ence. No  time  is  afforded  to  the  organism  to  suit  itself  gradually  to  the 
force  exerted  upon  it,  none  for  acclimating  itself  to  the  external  variation. 
It  must  eitlior  yir.Ul  at  once  or  jwriali.  Hut  how  different  as  respects 
the  method  of  application  in  the  case  of  the  organic  series  I  If  it  be  dfr 
cline  of  temperature  that  we  consider,  how  shall  we  enumerate  the  suc- 
cessive centtirica  that  must  have  elapsed  as  tlie  descent  was  made  from 
degree  to  degree  ?  In  these  later  times,  as  ia  admitted  on  all  hands,  the 
mean  temperature  of  the  surface  could  not  decUno  the  tenth  port  of  a 
Falirenheit  degree  hi  the  lajisc  of  10,000  years.  Yet  the  interval  has 
iransjiired  during  wliicli  there  has  been  a  gradual  descent  from  those 
iiigli  lliermumetric  points  at  which  the  existence  of  organic  life  was  bare- 
ly possible,  aud,  in  tmtli,  through  a  far  greater  range  than  that.  It  sig- 
nifies nothing  that  tliis  descent  might  have  been  more  rapid  the  higher 
the  degree ;  in  any  case,  it  implies  a  proiUgious  interval  of  time-  Or,  if 
we  consider  variations  in  the  light  of  the  sun,  either  because  of  big  being 
a  variable  star,  or  because  of  tliu  gradual  clearing  up  and  improving 
transparency  of  the  atmospliei'e*  we  are  brought  again  to  the  same  re- 
sult—long periods  of  time;  for.  though  there  may  bo  among  the  fixed 
stars  some  whoso  periods  of  variation,  an  respects  briltinncy,  are  short, 
included  perhaps  within  a  few  days,  or  even  hourji,  if  we  had  no  better 
evidence,  history  assures  that  our  sun  is  not  one  of  timt  quickiy-vaiying 
group.     (Jr,  again,  if  we  consider  the  changes  which  have  !ndi.4pu1ably 
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ooeurred  in  the  cbemicnl  constitntion  of  the  air,  tlic  diminnlion  of  its  ss- 

ueiit  amount  of  carlxmic  Acid,  tlie  reduction  of  the  moan  pcrccntftge  of 

its  rapor  of  water,  the  increa«e  of  its  oxygen,  tlicse  agsun  are  changes  of 

ft  Bccular  kind,  the  tune  required  for  the  accorapluthmcnt  of  which  i$ 

wholly  licyood  our  finite  comprehension.     In  such  a  gradual  advaM^ 

orgaiiiHind  for  many  generations  might  show  but  little  change,  yet,  i^| 

the  end,  the  effect  must  come  to  be  profound.     Indeed*  all  the  great  nitt- 

nral  effects  we  witncsa  are  accomplished  in  this  quiet  and  gnuJual  way: 

the  traces  of  tempests  and  other  catastrophes  nre  very  sooo  effiuad.  do 

matter  how  violent  the  original  commotion  may  have  bc«n ;  but  wamtli, 

and  light,  and  moisture— cauMS  whicli  act  so  gently  that  we  might  <m^ 

look  them — are  the  agents  which  control  the  univerud  aspect  of  things 

In  this,  as  in  other  resi>Gcta,  the  strong  arc  always  the  silent ;  and  in  cfat 

Stcalv  phyv-    ^^^  lapse  of  many  centuhes,  by  the  gradual  opentico  of 

icBichanio^At.  nnivcrsal  forces  thus  eently  applied,  organic  forms  hadio 
MBd«d  bj  pro-  .         ,  ^  ,:"■,..         ,  ,      ^ 

diMtiotu  ud     opportunity  of  accommodating  or  acclimating  themaelni  lo 

txUncUoos.  j|jg  jjg^y  state,  or,  if  they  failed  to  do  »o  thmugh  somcwiot 
of  correspondence  iu  tbcir  structure,  they  gradually  passed  away  anil  ht- 
come  extinct.  It  is  no  argument  against  the  transmutation  of  spedOr 
or  even  of  genera,  that  we  have  never  witnessed  such  an  event.  We  etfi 
never  witness  the  necessary'  corabinatioii  of  circumstances  which  sboidd 
bring  it  aboutf  above  all,  as  regards  the  needful  lapse  of  time,  the  abv 
yielding  and  accommodntion  which  such  a  change  imjidioa.  In  this, « 
in  those  great  moditications  that  hare  occurred  in  iho  stiatificatioD  at 
the  globe,  the  like  of  which  has  never  Iteen  seen  in  the  periods  of  bonuD 
record,  our  want  of  familiarity  with  them  is  a  matter  of  very  little  ow- 
ment.  The  reniai'k  of  an  emiuent  geologist  applies  with  equal  force  in 
both  cases:  "Changes  that  arc  rare  in  time  become  frequent  in  ctff- 
nity,** 

Bat  it  may  be  said  that  if  by  external  inilucnces  the  saocessive  sp^ 
GrKiiu]  titaeo  cies  and  genera  in  this  manner  arose  we  ottgbt  to  fini 
i«ojI^ei^ii  ^^"^  between  those  wliicb  arc  most  closely  allied,  msay  i»- 
byHbrupicrtMs.  t«rmcd!ate  forms ;  for,  since  the  active  causes  wrae  gradnil 
in  their  operation,  one  organism  should  pass  into  another  by  slow  (l^ 
grees^so  insensibly,  indeed,  tlmt  it  would  perhaps  be  imjioaRiblu  to  toil- 
cate  the  point  at  which  tlic  proper  transition  was  made.  Such  an  ex- 
pectation is,  iiowi'vnr,  founded  upon  a  total  misconrrption  of  the  clarr- 
ter  of  tiicsc  progresses,  for  a  force  appbed  for  thousands  of  years  but 
show  no  effect,  but  at  last  mny  nianifi-j«t  itself  by  an  instant  crisis.  Mai- 
titudcs  of  illustrations  might  be  furnished  of  tbis  principle ;  for  instsBa< 
the  motion  of  a  comet  may  be  toward  the  sun  in  a  path  wliich  is  ohBOtf 
a  straight  line  for  scores  of  centuries,  but  on  a  sudden  it  asBiUDes  a  cum' 
linear  course,  and  uconiplishes  its  perihelion  passage  in  periiapa  ■  fo** 


MECBANICAX  IlXtJSTRATION  OP  CRISES. 


485 


hours,  aijd  then,  reoeding  from  tliat  luminary,  tiikea  a  coarse  not  tseml' 
hly  difleriug  tJom  a  stmiglit  line,  nnd  occupying  perhaps  centurKii  in  its 
accoiiiplislunent.  The  variatiouH  ol'  tUiocliou  uid  of  velocity  are,  how- 
ever, llio  necessary  results  ol"  t!ie  coudiliona  uinler  wliich  its  movement 
is  taking  place,  and  may  be  truly  said  to  have  been  originally  included 
therein. 

This  instantaneous  or  critical  assumption  of  a  new  phase  may  also  be 
illustrated  by  the  functions  of  org.inic  bt;ingfl.  Thug  the  j,,  , 
fa^tul  niiimmal,  though  provided  with  Inngs,  a  meclutitism  in  from  thm  life 
all  respdctH  ready  for  aerial  rcspinition,  does  not  pass  by  "  *"*"" 
graduated  steps  from  placental,  which  in  truly  aq^unttc  brcatliing,  hut  the 
change  takes  place  on  a  sudden  at  the  moment  of  birth.  Tlitivc  and 
other  such  instance**  may  therefore  aatiefy  ua  that  what  an  imjHjrfcct  in- 
duction H'onhl  Icftd  UH  to  look  u|hin  aa  a  dc{>arture  from  tiie  existing  rule, 
or  M  a  breach  of  the  law,  may,  in  rftality,  he  nothing  more  than  the  im- 
mediate or  legitimate  conscciuenco  of  it.  Tliey  may  teach  ns  thot,  in 
the  natural  jirogrcss  of  things,  variations  do  not  necessarily  always  take 
place  in  so  gradual  a  manner  as  to  be  undistinguishable  from  Btage  to 
stage,  but  ijometinica  instantaneously,  and,  as  it  were,  by  a  crieis. 

Again,  this  variation  by  crises  may  bo  illustratud  by  many  familiar 
mochanical  contrivances.  The  case  of  tlie  common  seconds  5i„ci,nniMl  11- 
striking  clock  may  furnish  an  example.  Let  us  trace  the  '"»i™t'*"i^ 
successive  conclusions  to  which  an  ingenions  man  might  have  come  at 
the  first  introduction  of  this  instrument,  his  invcstigiition  of  it  being  sup 
j»o»cd  to  exclude  an  insjiection  of  its  parts.  After  listening  for  a  length 
of  time  to  the  beats  of  its  pendulum,  he  would  observe  that  these  auo* 
ceeded  at  precisely  regular  inler\-als,  and  after  extending  his  examination 
ilirough  two  or  three  thousand  of  such  occurrences,  he  would  doubtless 
tfji'l  justitiod  in  coming  to  the  conclusion  that  the  construction  was  of 
such  a  nature  tliat  the  passage  of  successive  small  intervals  of  time  was 
indicated  by  tlie  occurrence  of  a  brief,  dull  sound,  Uia  first  conclusion, 
therefore,  would  be,  tliat  the  instnunent  would  go  on  doing  this  oontinn- 
ously. 

At  the  close  of  3G00  such  observations,  when  the  truth  of  his  in- 
duction ap{>eared  to  have  become  irresistible,  his  attention  would  be  aiv 
rested,  and  his  faith  in  the  correctness  and  completeness  of  the  extensive 
inductive  conclusion  he  had  juat  drawn  would  be  shaken  by  hearing  one 
loud  stroke  upon  a  licll.  Now,  proliably,  he  wonhl  suspect  that  tlie  struc- 
ture of  the  instrument  was  such  that  it  indicated  the  lapse  of  each  HHiKi 
minor  beats  by  one  louder  stroke.  This  would  be  his  second  and  more 
improved  indnction. 

•Setting  himself  to  verify  the  imth  of  this  hypothesis,  he  would  watch 
the  instrument  through  3600  beats  more,  confidently  expecting  that,  at 
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the  conelnsion  thereof,  the  hj-pothcais  to  whicli  he.  had  thus  h 
would  bo  confirniej.  True  to  tlie  liuic,  the  bell  would  again  strike, 
instead  of  striking  only  once,  it  would  strike  tiricts.  Admonished  of  the 
liiL8tincs8  of  his  h}'potfaesis,  oar  philosopher  might  now  be  indooed  lo 
pause  before  he  generalized  again,  and,  after  watching  through  3600  moff 
beats,  the  clock  would  strike  thrice. 

Now,  surely,  he  would  feel  absolutely  certain  of  having  reached  ilir 
true  interpretation  of  the  action  of  the  machine  at  last.     His  third  ind 
corrected  conclusion  would  !« that  each  group  of  3G00  beats  was  regtsier- 
ed  by  the  bell,  the  number  of  strokes  upon  which  indicated  the  numl*r 
of  such  groups,  and  that  tliie  it  would  do  continuously. 

Patiently  listcuiiig  through  many  thousuud  beats,  he  would  find  tbi 
GVEXj  tiling  continnud  his  new  and  improvexl  induction.  lie  would  hfa. 
in  their  rcf^Iar  succession,  ten,  eleven,  and  twelve  Ftrokcs  madr  hy  tin: 
clock.  l>f  course,  liia  cxjicctation  would  now  be  contirmed  that  ai  tk 
next  time  the  clock  struck  it  would  be  thirteen.  How  great  wootd  W 
his  surprise  to  find  it  was  oiJy  one  I 

PersevcHngly  continuing  his  examination,  he  would  readu  at  1asl,t}v 
true  law  regulating  the  indications  of  the  machiDe,  and  would  fiod  that 
the  partial  conclusions  to  which  be  Iisd  successively  arrived,  and  nl»cli 
he  had  thought,  at  the  time,  lo  be  substantiated  by  a  supcrtluity  of  focit. 
were  in  themselves  incomplete,  and  in  that  respect  erroneous;  bill  hr 
woald  also  obscn'c  that  whatever  truth  there  was  in  them  was  embnced 
in  the  final  induction  that  the  machine  was  not  as  simple  as  be  bad  ii 
tirflt  supposed,  and  that  the  critical  vaiiations  whicli  in  succession  hi 
surprised  liun  were  all  embraced  in  the  original  plan  of  its  consttwii*^". 
Our  imaginary  piiilosopher  has  passed  through  a  mental  exercise  pRCiK- 
ly  like  that  which  is  befalling  modem  comparative  physiologista.  Frooi 
his  labors,  dlBappointmcats,  and  eventual  success,  they  may  gather  oi- 
couragcmcnt.  The  clock  of  t!ic  universe  does  not  forever  go  on  rihat* 
ing  monotonously.  A  thousand  years  upon  it  are  only  as  the  beat  of » 
pendulum ;  but  it,  too,  has  its  periods  of  critical  variation— variation*  ila' 
were  included  in  iist  original  device. 

The  point  which  I  wish  to  impress  by  these  illustrations  is.  that  tllOf 
Application  of  **  *  dclinite  career  wtiich  an  organism  must  follow,  accorf- 
ii»  pnMdbg  ing  lo  its  exposure  to  existing  phyftical  conditions,  and  tbt 
jUumtioiL  iiiough  this  career  may  seem  to  l»c  continuous,  itby  noBW«ii» 
fbllowH  that  it  shall  not  exhibit  an  instantaneous  and  critical  choogb  i^ 
that,  on  a  sudden,  the  organism  may  assume  a  speciticallv  m-w  n-{>"'' 
and  though,  in  what  has  thus  far  been  said,  rrfpj'cnee  has  been  had  rim  i- 
laAiMnce  of  ly  to  plants,  these  obecrvaiions  all  apply,  in  like  tnanner,  to 
n'utTlbrailf  ^"""I'J*'-  1  ^^  "ot  propose.  howe%'cr,  to  enter  on  that  ho^ 
BMb  of  tliu  imiuiry  now,  but,  as  an  illustration  of  the  infliKflcedf 
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^itiysica]  agents,  even  on  the  liiglic«t — mau  UiniscIT — bIioII  offer  tlie  ful- 
luning  cxamjtlc : 

M.  D'Orljiguy,  ill  tiis  description  of  the  Inca  Indiana  of  South  Atoeiv 
ica,  remarks,  '•  It  has  always  been  obaervcd  that  the  tmiik  is  cm*  oTiIia 
longer  in  |iroportion  than  among  other  AmcricanB,  and  that,  '""^  indijim. 
tor  the  same  reason,  the  crtrcmitica  arc,  on  the  contrary,  shorter.  We 
endeavored,  at  tlie  same  time,  to  explain  this  fact  by  the  greater  devel- 
opment of  tbc  chest.  It  would  appear  that  any  part  of  the  body  may 
take  a  greater  extension  fraui  any  adequate  cuuitv,  tvhilu  other  parta  Jul- 
low  the  ordinary  course.  An  evident  proof  of  tliia  fact  may  be  found  in 
tbc  ])hcnoEncna  of  impcrTcct  conformation,  in  which  a  certain  part  of  the 
body,  in  consequence  of  deformity,  docs  not  assume,  in  exicrnal  api>car- 
ance,  its  complete  natural  development,  as  we  see  in  the  trunk  of  a  dwjirf, 
while  this  defect  dot-s  not  prevent  the  extremities  from  acquiring  tiiose 
proportions  that  they  would  have  had  if  tbc  trunk  had  received  its  full 
growth.  This  accounts  for  the  want  of  symmetry  in  the  persons  of 
dwarfij,  and  for  that  length  of  tliu  upper  and  lower  limbs  so  much  out  of 
proportion  to  the  body.  If  we  admit  this  fact,  diUicult  to  contest,  why, 
in  the  case  in  question,  may  wc  not  as  well  admit  tliat  the  cliest,  from  a 
cause  which  wc  shall  explain,  having  nci|uired  a  more  than  ordinary  cx- 
lenaion,  might  naturally  lengthen  tlie  trunk  without  causing  the  extrem- 
ities to  lose  their  normal  proportion,  which  would  make  it  appear,  as  in- 
deed it  would  be,  longer  than  among  other  men  where  no  accident  can 
liave  altered  the  form  common  to  the  race? 

*'  Let  us  return  to  the  causes  which  occasioti  in  the  Incas  the  great 
volume  of  chest  which  has  been  observed  in  tlicni.  Many  considera- 
tions have  led  us  to  attribute  it  to  tho  innuenco  of  (he  dovaled  regions 
in  which  they  live,  and  to  the  modilications  occasioned  by  the  extreme 
expansion  of  the  air.  The  plateaux  which  they  inhabit  are  always  com- 
prised between  the  limits  of  7500  to  15.000  feet  above  tluj  level  of  the 
sea.  There  the  air  is  so  rarefied  that  a  much  greater  qtiantity  must  Ik 
inhalcf]  at  each  inspiration  than  at  the  level  of  the  ocean.  The  lungs 
require,  in  consequence  of  their  great  necessary  volume,  and  of  their 
greater  dilatation  ui  breathing,  a  cavity  larger  than  in  the  lower  regions. 
Thia  cavity  receives  from  in&ncy  and  during  tiie  time  of  its  growth  a 
great  development  entirely  indr'|>niident  of  that  of  the  othe-r  parts.  We 
were  desimuH  of  determining  wlu'thor,  as  wo  might  suppose  a  prioriy  the 
lungs,  in  eousequenoe  of  their  great  size,  were  not  subject  to  extraordi- 
nary modifications.  Inhabiting  the  city  of  Tja  Paz,  upward  of  11, (KM) 
tbet  above  the  level  of  tbc  ocean,  and  being  informed  that  jn  the  hospital 
there  were  constantly  Indians  from  the  populous  plateaux  still  more  ele- 
vated, wc  bad  recourse  to  the  kindness  of  our  counlrymau,  JI.  Burnier, 
physician  to  the  hospital,  and.  hu  permitted  tia  to  make  a  post  uortem 
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examination  of  some  of  these  Indians  from  the  highest  regiona.     &i 
we  have,  a»  wc  cjcpvclod,  found  the  Ituigs  of  aa  uxtraordloary  dimennOD. 
which  the  external  furm  of  the  chest  clvurly  indicated.     AVe  remariced 
that  the  cells  were  much  larger  and  more  in  number  than  in  tluwc  of  the 
Inngs  we  had  dissected  in  France ;  a  condition  very  ncceaaaiy  to  iDcream 
the  Rurfftcc  in  contact  with  tlic  ambient  fluid.     To  conclude,  we  baiv 
dtacovcTcd.  Ist.  That  tlic  cells  wgtd  more  diluted ;  2d.  That  tlicir  dilita> 
tion  incrcftsca  considcrnhly  the  roltune  of  the  iungs ;  3d.  That,  coiue- 
[{uently,  they  lauat  hare  to  contain  them  a  larger  cavity;  -Ith.  Thai, 
therefore,  the  chc^t  has  a  mach  larger  capacity  tlian  in  the  nonual  sUteai 
5th.  Tluit  this  great  development  of  tiic  cheat  elongates  the  trunk  bevcmj  H 
its  natural  proportions,  and  places  it  almost  oat  of  harmony  with  iltr 
length  of  the  extrcmitica,  tliia  rctnaining  ibo  same  as  if  the  sheet  had 
preserved  its  natural  dimensions." 

With  respect  to  the  doctrine  of  the  influence  of  phyncal  agenta  on  «^ 
Aimmentftwn  gs'i'^Mtion  generally,  we  adroit  without  hesitation  tlwt  dw 
iba  vxdavtioB  extinotion  of  forms  has  been  nccompliahcd  thraogh  omtwti^ 
causes,  decline  of  heat,  etc.  Thc^tc  c:itincttoas  arc  iiiQRUt^ 
ly  connected  with  tbo  appcaranoc  of  new  organisms,  and,  indood,  in  to 
be  regarded  as  being,  with  iheni.  esiM^ntial  {larta  of  a  comraoD  pbn.  It 
would  not  appear  ngn^icablo  to  the  mode  in  which  the  scheme  of  Nitu* 
is  carried  out  to  invoke  one  class  of  influences  for  the  removal  ri  lbs 
vanishing  forms,  and  a  totally  different  one  for  the  introduction  of  lie 
new-coraers.  There  seems  to  be  a  better  harmony  in  the  supposition  ilul 
aH  IheM  things  are  managed  upon  simihu  principles,  and  that,  since  ilis 
the  failure  of  congenial  conditions  which  doses  the  term  of  life  of  a  raofcit 
was  tiic  suitability  of  those  conditions,  or  their  conspiring  together,  whick 
gave  it  origin. 

The  influence  of  decline  of  tcmjMrratnrc  appears  when  wo  examiaa]fl^ 
InfiuDoo  of  tJc^lM^  individuals  or  jiarticnlar  sjjccics  either  of  plants  or  rf 
dMltMorum-  animals.  I'hus  the  Virginia  cherry  attains  the  height  od^ 
^""^"^  feet  in  the  Southern  States,  and  is  dwarfed  to  a  shrub  of  noi 

more  than  five  foot  at  the  great  Shivu  Lake ;  the  nasturtium,  which  a  a 
woody  shrub  in  warm  climates,  becomes  a  snccolent  annual  in  cold.  Oti 
if  we  examine  some  (Special  tribe  of  life,  as  JUlnc  Edwards  luis  dotnt  infli 
the  case  of  crustaceans,  tlie  higher  the  temperature,  tlio  greater  the  B"*™ 
bility  to  variations  of  species,  tlic  mora  numerous  also  the  differences  o< 
fonn,  and  the  attainment  of  a  greater  indiWdual  size.  'I'hat  these  viii*- 
tioQs  are  the  actual  consequences  of  the  physical  conditions,  and  not 
merely  collateral  results,  is  shown  by  supplying  the  condition  il*(  '* 
wanting.  Wo  can  imitate  the  nntunU  result,  in  an  artificiid  way.  m  bo<- 
honses ;  the  plants  of  the  warmest  cUmate  may  bt;  ^-rown,  and  tlie  ciWs 
of  summer  imitattnl  at  any  season  of  rhe  year.    What  better  poof  ooV^ 
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we  have  of  the  control  of  the  agent  heat  over  development,  than  the  well* 
asoerUiDcd  fact  tliat  the  time  of  emersion  of  liuvie  dopentls  upon  the 
temperature?  The  silk-grower,  by  placing  the  egga  of  the  insect  in  an 
tce-bouso,  retards  them  as  long  na  he  pleases.  The  amputated  limbs  of 
the  watcr-ncwt  can  only  be  rcjirodiicwi  at  a  temperature  from  68°  to  75°. 
The  tadpole,  kept  in  the  dark,  docs  not  pass  on  to  development  as  a  frog. 
In  decaying  organic  solutions,  animalcules  do  not  appear  if  IJgbt  bo  ex- 
daded. 

Upon  the  whole,  therefore,  we  conclude  that  organisms  of  oveiy  kind, 
00  ^  from  presenting  any  resistance  to  change,  are  im-  CbufcMoror- 
pressed  without  any  difficulty  by  every  exterior  condition ;  '^i*"""?  *''' 
tnd  aince  existing  natuml  circumstances  have  been  main-  riabto  ii««. 
tuned  for  a  long  time  without  any  apparent  change,  their  sameness  pro- 
duces a  sameness  in  the  order  and  manner  of  developtnent.  Bnt  it  >ihou]d 
be  borne  in  mind  that  this  idea  of  samettess  can  be  entertained  only  on 
in  imperfect  view  of  the  state  of  Nature,  for  there  is  scarce  one  of  those 
conditioDs,  to  the  sameness  of  which  we  have  been  referring,  which  has 
aot,  in  reality,  luidci^ono  slow  secular  variations;  and  with  those  clianges 
there  have  been  clianges  in  tlio  raAtmer  of  development 

In  truth,  as  I  have  on  a  former  page  observed,  the  only  tilings  which 
arc  absolutely  unchangeable  are  the  laws  of  Nature,  such,  for  inatance, 
as  that  of  gravitation ;  every  tiling  else  is  to  be  looked  upon  as  an  effect, 
or  as  a  chai^eable  phenomenon  arising  from  the  operation  of  those  laws. 
So.  therefore,  though,  iu  this  chapter,  the  terms  physical  in-  Swmwir*  nwt- 
duences  and  natural  conditions  have  been  rei«atcdly  UMid,  con«^cfic«*of 
yet  8  higlicr  and  raoro  philosophical  view  of  the  ease  brings  ii>»-«ri«u«  i«w. 
08  inevitably  at  last  to  iho  idea  of  law ;  and  therefore  I  ocrept  the  in- 
terpretation of  all  these  facts,  which  has  of  lato  years  been  impressing 
itself  more  and  more  strongly  and  clearly  on  the  minds  of  physiologists, 
that  the  development  of  every  organism,  from  a  primordial  ocU  to  its 
final  condition,  however  elevated  that  condition  may  be,  is  tlie  inentable 
oonBequenoe  of  the  operation  of  a  oniversalt  invariable,  and  eternal  law. 
All  animaln,  no  matter  what  position  they  occupy  in  the  scale  of  nar- 
raro,  tinquestionably  arise  in  the  first  instance  from  a  cell,  which,  possess- 
ing the  power  of  giving  birth  to  other  cells,  n  congeries  at  lost  arises,  the 
size  and  form  of  which  is  determined  wholly  by  external  drctunstancea. 
In  all  cases,  the  material  from  which  these  cells  are  formed  is  obtained 
from  without,  and,  ivhatever  the  eventual  shape  of  the  stracture  may  be, 
the  first  cell  is  in  all  intttaneen  alike.     There  is  no  ixrceptiblc  difiersnco 
1^    between  the  primordial  cell  which  is  to  produce  the  lowest  plant  and 
I    that  which  is  to  evolve  itself  into  the  most  elaborate  oninuL     The  mode 
V    of  growth,  and  the  arrangement  of  the  new  cells  as  they  come  into  exist* 
^^JAce,  determining  not  only  the  form,  but  also  the  thnctiona  of  the  new 
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l-cing,  depend  on  the  particular  physical  conditions  under  which  tbc 
growth  ifl  taking  place.     The  germ  which  is  to  prodnce  a  lichen  obtatna 
I'rom  materials  around  it  tlic  Bubatancca  it  wonts  as  best  it  may;  bnt 
rhe  germ  which  is  to  end  in  the  development  of  man  is  brought  in  buc- 
ceaston  under  the  influence  of  many  di;^tinct  states.     As  a  conscquenc«j 
uf  this,  it  gives  rise  in  successiot)  to  a  scries  of  animated  fonnif,  which, 
suming  by  degrees  a  higher  complexity,  end  at  last  in  the  pertect  ht 
being.     At  one  time  it  was  believed  that  these  metainoq)bo8e8,  as  the 
arc  termed;  arc  limited  to  inttccta  and  fro^ :  the  insect,  whieh  at  tii 
appears  under  tho  form  of  a  caterpillar  as  it  comes  from  the  egg,  and, 
]iassing  through  the  pupa  state,  at  last  tiikes  its  true  position  as  a  wing-^ 
ed  being;  the  frog,  which,  appearing  at  tirst  from  the  ovum  as  a  tnuv 
fiah,  whose  refti>iration  is  carried  forward  by  giUa,  and  whose  life  is  lim- 
ited to  the  water,  at  laM  assumes  a  new  constitution  and  a  now  orgaiii- 
smlion.  breathes  by  longs,  and  becomes  on  amphibious  reptile.     But 
is  now  known  tliat  these,  so  far  from  being  exceptions,  arcoidy  u 
of  a  gein'ral  ruh-,  which  is,  tliiit  all  organized  beings  sliidl  l^'gin  exiatenoe 
at  the  butluiii  uf  the  scale,  and,  taking  on  one  type  of  life  after  another,  in 
more  or  less  rapid  succession,  end.  tiimlly.  in  assuming  s  size  and  faro 
analogoufl  to  those  of  the  parent  which  gave  them  btrth. 

There  is  a  general  resemblance  between  the  life  of  an  individual  ukI 
the  life  of  a  species.  Eacli  has  its  time  of  birth,  its  time  of  maturity. 
iis  time  of  decline ;  each  also  has  its  embryonic  states.  The  fossil  forms 
of  the  early  geological  ages  arc  in  many  cases  the  embryos  of  existing 
animals.  Upon  each  all  natural  agents  have  exerted  tbdrcAects.  posh- 
ing forvi'ard  or  retarding  development;  and  this  applies  not  only  to  aiw 
imals,  but  also  to  plants :  it  is  in  acconlancc  with  the  principles  wc  arftj 
setting  fortli  lliat  over  the  whole  domain  of  life  natural  forces  ex« 
their  sway.  Change  the  conditions  under  which  growth  is  taking  plaoed 
and  you  at  once  change  resulting  form  and  function.  It  is  in  this  man- 
ner tliat,  oil  a  small  scale,  Uit^  horticulturist  works  iii  furnishing  us  what 
;ire  called  improved  varieties  of  Bowers  and  fruits.  It  is  in  this  manner 
that  animals,  known  to  have  been  indisputably  of  the  same  original  kind. 
jisBume  such  different  forms  and  characters  in  various  climates.  It  is 
true,  we  can  not  expect  in  an  abrupt  manner  to  bring  about  sucli  strik- 
ing modifications  in  a  solitary  individual,  for  the  life  of  an  individual  is 
readily  destroyed,  but  not  so  the  life  of  a  race ;  and  Katiue^  carrjii^  on 
her  operations  iu  the  slow  hipse  of  centuries,  and  dealing  with  racca 
rather  tiian  individuals,  forces  them  up  to  any  yKnnt  uf  derelopmoul  she 
may  desire,  but  still  the  impress  of  the  laws  under  which  they  have  been 
brought  to  that  condition  is  upon  them,  and  each  betrays,  in  the  eraliry- 
onic  and  fii'tol  forms,  a  manifestation  of  the  metamorphoses  through 
which  his  race  has  run. 


cecS 


ITODIMENTABT  OBOANS. 


Olir  nttriition  might  Iierc  be  directed  (o  that  interesting  class  of  phe- 
nomena known  to  comparative  anntoniiats  under  the  title  of  iiudinionur} 
radinientnry  organs — thai  is  to  say,  organs  which  exist  in  an  JhI^*'jn'J^, 
apparently  undeveloped  and  useless  condition,  such,  for  in-  prpuOan. 
stance,  as  tlie  mamina*  of  the  male  matninalian.  or  the  subcutaneous  feet 
(rf'cenain  snakes — for  these  arc  l'acli«  intiniatdy  connected  with  the  sub- 
ject before  us.  It  looks  as  if  Nature  stopped  short  in  her  attempt  at 
rcai'hing  [terfection,  but  it  proves  lu  us  tliu  cutistancy  of  the  plutis  on 
which  slie  works.  In  the  case  of  the  whalo,  which,  though  apparently 
belonging  to  the  B^hcs,  is  a  warm-blooded  mammal  and  sucklcfl  its  young, 
th'*  general  type  of  its  class  is  obsorvcd  even  down  to  minute  particulars; 
it  is  the  attribute  of  those  belonging  to  it  that  they  shall  have  seven  cci^^ 
^■ical  vertebra.*,  and  tliia  is  equally  the  case  with  llw  camclopaid,  with 
its  long,  gtacuful  neck,  utid  the  mole,  which  seems  to  have  uo  neck  at 
nlJ.  In  the  whale,  which  conforms  to  that  general  rule,  the  teeth  are, 
moreover,  found  in  the  jaw,  in  the  earlier  period  of  life,  uncut,  precisely 
us  we  find  them  at  birth  in  the  hutniin  infant.  In  this  last  instance  we 
think  we  sec  a  wise  provision  and  foresight  of  nature,  which  docs  not 
giTe  to  man  these  masticating  organs  before  the  time  they  are  wanted; 
but  what  are  we  to  make  of  t!ie  fonner  case?  Man  is  not  always  a  true 
interpreter  of  the  works  of  God.  Shut  up,  as  they  aire,  in  the  interior  of 
ibe  bony  mass  of  the  jaw,  never  to  bo  developed  and  never  to  be  used, 
does  not  that  look  to  a  careless  observer  something  like  a  work  of  suiter- 
HPOgntion?  Or,  in  the  case  of  such  snakes  as  the  anguis,  typhlops,  and 
amphislm-na,  why  is  it  that  Nature  has  placed  under  the  skin  the  bony 
representatives  of  the  extremities:  the  mode  of  progression  of  those  an- 
imaU  is  by  the  use  of  the  ribs,  and  organs  such  aa  feet  are  never  wanted. 
We  may  also  turn  to  the  other  department  of  physiologj*,  the  vegeta- 
ble world,  and  wliat  do  we  tlicn;  eoc?  Rudimentary  organs  and  excosa 
'  devtdopincnt  are  every  whrre  presented.  ^Vn  attentive  examination 
fany  flower  proves  that  we  may  ■n-ith  truth  regard  it  as  a  transformed 
lmuicfa,.thc  law  of  development  being  such  that  that  which  might  have 
pMsnd  forward  to  the  condition  of  a  branch  has  turned  to  the  condition 
of  a  flower;  or,  in  still  minuter  particulars,  we  witness  the  same  prin- 
ciple: that  which  might  have  evolved  into  a  leaf  tunis  inUitferently,  as 
circumstances  may  direct,  into  a  sepal,  a  |)etal,  or  a  stamen. 

Hut  is  it  possible  lliat  there  is  all  this  confusion  and  want  of  jtrccision 
in  the  works  of  Nature?  Not  so.  If  we  consider  riglitly,  Ai^wamnwof 
wo  sliall  come  to  the  conclusion  tlmt  Nature  never  works  ""linfnlwy 

,  .  ,  ,  .  (inniiiilbvwa. 

contingently,  nor  rcstirts  to  a  sudden  contnvance  to  meet  an  »cquen<»«f 
exigency.     iUI  her  operations  are  carried  forward  under  fep-  ''"■ 
reaching  and  universal  laws.     These  rudimentary  and  perhaps  useless 
o^ans  come  into  cjusteuce  through  a  general  phin,  of  which  they  are 
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iritnoiiMa  to  ns,  if  thoy  Bnbserve  no  other  duty.  They  toll  the  «ane 
gTcnt  fact  which  ii  ao  loudly  proclaimed  by  all  the  phenomenn  of  the  ra»- 
toration  of  parts  and  renovation  of  tissues,  that  the  groapiiig  of  orga- 
nized Qintter  into  definite  and  epeciiil  forma  is  not  a  wanton  or  chance  ef- 
fect, bat  is  the  direct  and  inevitable  conscf|aenco  of  invariable  pbjsioil 
laws. 

Exptdienta  are  for  ttie  vacillating  and  weak,  law  is  for  the  tttrong.  It 
takes  from  the  merit  of  any  human  contrivance  if  the  engineer  has  to  be 
constantly  tuni]>cring  with  it  to  keep  it  going;  we  admire  the  machina 
that  continues  its  movements  without  variation  after  it  baa  let't  its 
maker's  hand.  I  think  we  can  liave  no  nobler  conccjvlion  of  the  giest 
Author  of  the  wonderful  forme  around  uk  than  to  regard  tiiero  all,  tho 
Tegetabic  and  animal,  the  U>'iiig  and  lifeless,  the  earth,  and  tlic  alars,  soil 
the  nuinbcrleBt)  worlds  that  are  beyond  our  vision,  oa  tlic  otFitpring  ot 
one  primitive  idea,  and  tho  eonseqacncefl  of  one  primordial  law. 
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CHAPTEK  m. 


OP  THE  ORGANIC  TELLt   ITS  DKVELOI'MKNT.  REPRniJUCTION.  A>T)  WT- 
FERENTUTION  OF  STRL'CTLTIE  A.\T>  FUXCTIUN. 


iU  ParU  amt!  FmttlimM.—Actiritg  i^f  lit  AVinu.— OfW  /Wau  qT  CUfa. — <\IU  twim  Jg 

Srf/''Onyiitatkm  ami  Hfpfoduetian. — -Uf/rrMhtrtiO'i  Ih/  Salxlivimom  aitj  EndogOKMMhf. 
7K«  AnimiU  OcU.—Forma  ^  G^bJar  TuMt.—i'orTM  tjf  Viue^iar  Tistme.—Sfiiral  HmAv 

iMett,tte. 
li^ermtlalim  <tf  CltUa.—Af^yintioa  of  aev  FMrii{mM.—lJ^tmftuliam  </  lAa  Hmimo/  CtA— 

J>9i«mA  on  Fijftieul  CImm*. — /ij/hinM  ^Utat  a»d  Air.--fyodt  <ff  iJiffrrrtOiatim. 

The  organic  cell,  which  is  tho  atarting-])oint  of  every  organisDi,  veg> 
8iin|>v>n4iiu.  ct^blc  or  animal,  consists  of  a  vesicle  or  shell,  with  incladcd 
chau<ii  Gviu.  contents.  If  tlie  vesicle  be  of  uniform  thickness  kU  ovrr, 
the  cell  is  a  simple  one;  but  if  there  be  npon  some  portion  of  it  a  thick- 
ened grsnuhu-  8|)0t,  the  cell  is  said  to  be  nucleated. 

The  vesicle  of  tho  KlMfU:  veoetabL£  CELL,  more  closely  axaminect, 
Tbeiimple  '^  found  to  be  composed  of  different  laminm  or  strata.  The 
va(c4aidc«U:  in nemi 08 1,  designated  the  primordial  utricle,  consists  of  an 
oU.and  <^iio-  SEOtized  subetanco,  a  member  of  the  protein  group.  On  tke 
ehroinc.  extcrior  of  tlijfl  |H:lliclc  and.  as  it  were,  arising  from  its  sui- 

facc,  lies  the  cell  wall,  which  serves  to  give  protection  to  the  parts  witb- 
in.  The  cell  wall  is  not  a  mere  extension  by  thickening  of  the  primo^ 
dial  utricle,  as  ia  proved  by  its  cliemical  coniitttulion :  for,  though  it  msy 
vary  in  physical  condition  from  a  mere  glairy  macos  to  a  tinn  woody 
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texture,  it  nrnformly  consists  of  a  non-nitrogenlsed  body,  gummy,  amy- 
iaceons,  or  Hgneous.  Indeed,  though  the  vegetable  cell  is  usually  snid 
to  bare  two  concentric  iuvestiturcs,  (hu  nitrogeni^cd  primordial  utriciv 
and  the  non-Ditrogvnized  wall,  it  is  more  exact  to  describe  the  latter  as 
consisting  of  several  fielllcles,  which  have  be«n  generated  in  succession 
from  the  outside  surtiiee  yf  the  utricle,  aud  these  diflbr  from  one  anothci- 
in  their  physical  (|aalities,  according  as  they  arc  ncareir  to  the  surface  of 
the  ntriele  or  nearer  to  the  general  exterior,  recalling,  in  tliis  respect,  the 
analogous  coudition  of  the  cuticle  under  circumstances  that  arc  somo- 
what  paraUeL 

\Vitliin  the  primordial  utricle,  the  cell  contents  present  themselves  of 
a  difterent  nature  and  dUfurvut  form,  according  as  the  species  of  the  cell 
may  be.  In  difierent  cases  they  are  colored  of  various  tints,  and  are  of 
various  consistency,  more  solid  or  more  liquid.  To  the  cell-eontonts  the 
convenient  designation  of  cndochrome  is  given.  This  interior  content  is 
not  to  be  understood  as  having  a  homogenous  constitution,  since  sometimes 
even  its  colored  portions  are  separated  out  and  arranged  in  dots  or  spiral 
tines,  which  arc  very  distinct  from  the  remaining  uncolored  material. 

The  active  portion  of  such  a  cell  consists  of  the  utricle  and  eudochrome 
omjointly,  the  cell  wall  only  dlscliarging  a  mechanical  office.  In  the 
ample  cell,  all  ports  of  the  utricle  appear  (o  be  endowed  with,  equal  pow- 
er for  carn,'ing  on  the  functions  of  the  organisra. 

But  in  those  cells  which  possess  a  nucleus,  the  enei^  is  no  longer  dif- 
fused with  uniformity,  the  nucleus  concentrating  much  of  ^   .      .    „ 
the  power  in  itself,  and  serving  as  a  centre  of  activity.     Its  wiiviuofiit 
nitrogcnized  constitution  indicates  that  it  is  in  relation  with  ""*'""■ 
the  primordial  utricle,  aud  not  with  tlie  cell  wall ;  a  couclu&ion  which  is 
corrobonited  by  its  physiological  activity,  as  also  by  the  fact  that  in  those 
nucleated  cells  which  exhibit  currents,  the  nucleus  appears  to  be  tho 
starting-point  from  which  they  diverge  in  various  directions. 

There  arc  subordinate  species  of  cells,  as  the  spiral  and  the  dotted. 
Theae  exhibit  points  of  re-enforccment  or  thickening,  such  subMdinaie 
as  the  appearance  of  a  thread  wound  spirally,  or  in  dors  here  '"''"'"''''*"*■ 
and  there  on  the  interior  of  tlie  wall.  Tliere  would  seem  to  be  a  tend- 
ency during  the  development  of  a  cell  for  these  parts  to  assume  a  spiral 
axningcment.  Kvcn  the  cndochrome  shows  this  peculiarity,  the  green 
materia]  being  often  arranged  in  a  spiral  ooorsc  on  the  interior  of  tlie  cell. 

Thus  constitntal,  each  cell  runs  tlirough  a  definite  cycle  or  career,  haV' 
ing  its  moment  of  birth,  its  period  of  maturity,  its  time  of  death.  Dur- 
ing its  mature  life  it  discharges  with  acrivity  the  special  function  to  which 
it  is  devoted,  but  in  so  doing  becomes  eventually  worn  out  and  old. 
Tho  period  of  activity  of  cells  of  diifcrcnt  s])ecic8  is  very  ditl'crent,  some 
passing  away  quickly,  and  others  having  a  longer  duration. 


HEPBODUCnON    BY  BrnDIVISlON. 


The  commencement  of  cells  in  either,  lut,  by  self-origination,  or,  S 
ru  •  ^    .1     W  reproduction.     1st.  Cclla  arise  in  an  obscure  manner  trui 

OtifinoroeU*     ,  ■'       ^  •  i        i  i  ■  ■         i 

bjradhnigiB*.  homogeneous  pafticlcs  floating  in  a  protopJasma,  which,  tux- 
"'  tng  on  development,  have  a  vesicle  thrown  over  ibem<  and. 

being  of  m  spherical  shape,  present  the  aspect  of  a  cell  wall  and  cavitjr. 
The  granular  content  by  degrees  increases  as  the  young  cell  grows  in 
its  dimensions.     From  that  granular  content  new  cells  may  ariseu 

Though  this  proccAs  is  spoken  of  as  one  of  self-origination,  it  is  q 
probable  that  tlic  spherical  and  homogeneous  partjclcii  floating  in  the 
proloplasma,  and  which  were  the  points  of  ori^n  of  the  cells  that  lia 
artsca,  were  themselves  nothing  more  than  germs  whicli  had  1>ecn  pre-^ 
pared  by  an  antecedent  generation  of  cells.  This  is  the  opinion  com- 
monly entertained  of  tbeir  nature,  tluiugh  its  truth  has  never  yet  been 
deniuiistratctt  by  actual  observation.  It  is  adopted  because  of  its  probft- 
bilily,  for  \vc  usually  observe  tliat  every  new  organism  is  tlie  deacendani 
of  an  older  one ;  yet  it  should  not  be  forgotten  that  there  most  have  boeii 
a  time  when  the  first  oi^nic  cell  arose  from  inorganic  material,  and  it  iA 
hot  unphilosophicaL  to  soppoee  that  what  must  have  occurred  once  maj 
occur  again. 

Orffl^n  <rf  cwii*  -<^1-  Cells  arc  reproduced  from  antecedent  ones  of  the' 
by  nimdiKtiaii.  same  kind  by  subdivision,  by  budding,  by  endogenous  geo- 
eration. 

TAe  repnxluriion  of  cdh  hy  gtibdivmon  is  strikingly  illnstrated  by 
R«pro4iictioa  the  Ha'tnatococcus  binalis.  The  manner  of  the  process  seems 
iiynbiUTiiiMi.  to  be  as  follows.  The  cndochrome  of  the  original  spherical 
g^y^  cell,  a.  Fig.  230,  begins  to  undergo  bi-pai* 

tition  a^  at  h,  and  as  the  dividing  portions 
\  recede  from  one  another  the  primordial  utri- 
cle bends  round  tbcm.     I^ext  a  layer  of  pex- 
^  manent  cell  wall,  of  a  muuotts  character  od 
its  exterior,  is  prodaoed,  wbidi  accompanies 
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the  inflection  of  the  primordial  utricle  as  a^H 
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C  and,  vSicx  a  while,  the  bt-portition  is  com* 
plete,  and  the  separated  portions  consriiutc 
distinct  individual  cells.  The  subdirisii 
may  bo  repeated  as  at  d.  The  seat  of 
primary  action  is  said  to  be  in  the  endo- 
chromo ;  but  of  this  there  may  be  reasonable  doubt,  since  generally  the 
primonllal  nlricli^  is  the  jilacc  of  energy  of  the  cell ;  and  wbere  nucleated 
cells  undergo  multiplityiiion  by  tins  process  of  tissure.  the  nucleus  di- 
vides along  with  the  endochromc,  so  that  both  tlic  resulting  jwrtions  pos- 
sess a  part  of  it.  Buf  if  the  utricle,  with  its  nucleus,  was  inert  durin 
this  operation,  it  would  seem  that  the  reaide  should  tear  any  w 


KEI'RODrtTTION  BT  Bt'UIltNO. 


495 


ratber  tluui  through  that  thickened  and  stronger  place.  Tho  phenomena 
lire  equally  well  accounted  for  by  imputing  the  first  action  to  the  ntridc 
■it*clf,  which,  rjccrting  a  constrictive  preflHurr  upon  the  cndochrome  in  the 
direction  of  one  of  the  great  circles  of  tlie  cell,  diWdca  it  in  llic  manner 
that  wc  sec.  ^ 

This  process  of  multiplication  is  exhibited  in  /Vy,  231,  in  Conferva 


I 


VM  rfpndocUoii  io  QnNm  glvBwnta, 

glomerato,  wliich  consiatn  of  a  system  of  cells  arrangt^l  in  a  filaraetit.  At 
A  two  states  arc  shown,  complete  partition  at  J,  and  incomplete  a(  a  ,*  at 
B,  C,  D,  the  successive  atepa  of  partition,  a  being  the  printordial  utricle, 
6  the  ctidochrome,  c  cell  membriuic,  d  mucous  investincut.  At  K  the 
primordial  utricles  am  ite|)arated,  and  the  cell  membrane  Inttirveiietf.  At 
F  the  membrane  ii;  completed  »o  aa  to  exhibit  laniina*. 

The  cells  which  have  thus  arisen  by  suMinsion  soon  grow  to  the 
flizc  of  the  one  from  which  they  were  derived,  and  arc  n'ady  for  suMi- 
wion  in  their  turn.  Indeed,  it  often  happens  that  traecs  of  incipient 
fmbdiWsion  may  be  detected  long  before  the  cell  has  reached  its  mature 
dimensions. 

TAe  reproduction  qfcvlU  hj  budding  may  be  illustrated  by  the  vesi- 
cles of  the  yeast-plant :  and  though,  in  those  cases  in  which  the  bud<ling 
cell  possesses  a  nucleus,  the  nucleus  is  not  necessarily  involved,  yet  tiie 
conclusion  indicated  in  the  preceding  poragrajih  is  greatly  strengthened, 
for  we  must  clearly  atirihute  tlie  rc.-^tilt  wliich  now  takes  phtcc  to  an  in- 
ereued  nutrition  of  ilio  primordial  utriclo  upon  a  rcsiricii-d  jiortion  of 
Its  surface,  and  not  to  a  distention  arising  fcom  a  pressuru  of  the  endo- 
chrDmc  within.  So  closely  does  tliia  reacmblc  the  preceding  modo  of  re- 
production, that  they  arc  commonly  said  to  be  really  uf  ihu  same  kind, 
w,  rather,  to  offer  uo  other  distinction  than  this,  that  in  tlte  former  tlic 
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cell  divides  into  portions  which  axe  sensibly  eqaal,  in  this  into 

Cf*Jls  arc  said  to  arise  from  cndogcnotis  generation  when  thej  make 
fitdonnoiu  ^'^^  **'^*  appearance  in  the  cavity  of  a  former  ceU,  of  which 
gMtfsUanur  the  cnclodtrome  exhibits  a  disposition  to  dividt;  into  msnv 
sninll  portions,  at  tir^t  doabtl'uUy,  tliea  more  distinctly,  and 
each  one  of  tlieee  portions  obtaining  a  covering  invcstitnie  or  inrimordial 
alrielu  for  itaelfl  Tlie  prooess  continues  luitil  the  young  brood  of  cells 
has  reached  a  certain  degree  of  perfection,  when  they  escape  firom  thur 
confinement,  dtbcr  by  the  Assuring  or  deliquescence  of  the  old  cell  wall. 
The  young  cclla  may  now  load  an  independent  lift  and  grow  rapidly. 
In  thia  manner  zoospores  arise,  which  arc  young  ccUa  having  for  a  time 
a  power  of  locomotion,  from  cilia  which  have  been  developed  from  their 
walls,  or  for  other  reasons. 

T/u  lyproductwn  (^  celU  by  tmdoffenous  gerteratum.  is  commooly  at- 
tributed to  an  action  arising  in  the  endochrome  which  brings  on  \t»  sub- 
division into  portions.  From  the  fact  that  these  irortions  arc  eventually 
found  clothed  with  a  primordial  utricle,  wo  might  be  lod  to  suspect  tint 
tlie  original  scat  of  the  action  is  in  this,  as  in  the  preceding  cases,  that 
portion  of  the  original  cell  which,  undergoing  projection  internally,  di- 
vides the  endochrome  and  incloses  the  {lortions  in  its  meah«s.  tjitch 
membranous  projections  may  be  difficult  of  detection  in  the  first  instaooo. 
becnuse  of  their  extreme  tenuity;  nor  is  the  fact  tlmt  the  sooqiortt 
move  freely  in  tlio  cavity  of  the  mother  coU  just  before  tbeir  eacape  at 
all  in  contradiction  to  this. 

Tim  ANUlAL  CKLL  presents  a  structural  arrangement  differing  from 
PecalUrinoT  the  vegeiabb  in  this,  that  it  docs  not  poascas  a  proper  cell 
ibvaiibiiKlcoU.  ,^^11,  but  consists  of  a  primordial  utricle  and  interior  con- 
tent alone.  Its  manner  of  reproduction  is  of  three  kinds:  1st.  From 
germs:  2d.  By  fissure;  3(L  KndogonouHly.  'Wbitro  animal  cells  orig- 
inate trom  germs,  these  seem  to  be  gninulos  of  a  substance  anak^tnia  to 
fibrin,  wliicli  arc  floating  in  the  formative  liquid.  In  duplication  fay  sub- 
division, the  import  of  the  nucleus  is  shown  by  the  fact  that  the  action 
be^ns  At  it.  It  may  be  said  of  animal  cells  that  the  nucleus  maintains 
a  more  conspicuous  relation  than  it  does  in  the  case  of  vegetable  oub& 
Reproduction  in  tlie  cndugenous  manner  is  carried  fonvard  iu  the  case  of 
these  cells  in  the  manner  dcscnbed  in  a  preceding  jMiragraph. 

or  T1IK  cinisntvcrioK  itw  cxu.i;i.ab  xxn  tjukcljUi  timcks. 

By  their  development  and  juxtajtosiUon  with  one  another,  cells  give 

CHI    ika      "*®  ***  continuous  fabrics  of  various  kinds,  or  cciluhtr  tisfue- 

tu  v«riwu>        If  the  development  of  new  cells  occurs  in  a  space  whore  th«n 

*"'**'  is  freedom  from  pressure,  the  cells  maintain,  their  onginftt 
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form,  ns  seen  in  tlie  photograph,  Fi/f.  233.     Btit  should  the 
Pi.j  tn  devclopoient  occur  in  u  contiued  space, 

or  under  c I rcuin stances  of  prei<sitre,  the 
intercellular  i^paces  which  iicccsmtrily  ex- 
ist ill  lite  Ibniicr  cti^e  by  reatnoti  of  the 
splierical  slmpc,  are  now  encroached  u[H>nf 
and  iho  cells  aBsumo  varioua  angular 
■/■■^(,.-   ^JF*?^*:'*'^  forms,  such  as  pitralleiojiijiedons,  rhom- 
/  . "  '    'X  'S~.^4^  Ijic  dodecohcdrons,  ic.     t>f  the  former 
wc  have  an  example  in  the  pfaoiograph, 
yig.  233,  which  represent*  a  eeclion  of 
niuriform  cellular  tissue.    In  other  cases, 
with  a  view  of  giving  resistanco  to  pn-sa- 
fi««iiaix,...,n,,i..piifi^BM,ii««n.».  ype^  tijg  interior  of  each  of  iho  cells  ia 

by  a  fibre,  and  thus  ariBoa  the  tissue  of  wliich  ivc  liave  an  uxam- 


^<:j 


pie  in  the  photograph.  Fi'j,  234.     Two  or  more  filtrcj*  may,  in  this  man- 

.oer.  be  employed,  and  when  such  is  the  case,  it  xa  observed  that  they  do 

Biot  cross  one  another,  the  one  winding  from  right  to  left,  the  other  from 

Heft  to  right,  but  they  are  laid  parullid  to  radi  olhcr,  and  fonn  a  com- 

^poand  strand.     In  other  casea  the  ctmslilncnt  cells  of  the  tissue  assmne 

mnch  more  complicated  forma,  aa,  for  instance^  in  the  atollntc  variety. 

[These  more  complicated  forms  prove  that  it  i«  not  altogether  through 

Ftlie  influence  of  u  force  of  compression  that  cells  assume  uiodiBed  sliapes, 

flriit  that  on  many  occasions  tlic  disposition  of  their  primordial  utricle  to 

ranch  in  varions  directions,  of  which  mention  has  been  made  in  a  pre- 

ling  paragraph,  ia  the  true  cause-  of  the  variations  in  fpiestion. 

This  disposition  to  grow  spontam-oualy  in  oni"  din*ction  rnlhrr  than  in 

notlier  IB  the  cause  of  the  prodncHon  of  the  different  kinds  of  vasrular 

A  cell  tindergoing  extreme  elongation  in  one  direction,  either  by 

II 
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Vmi«iUrii»«ie  "****"  ofthis  <|iiality  of  Uh  priinordiiU  ntriclc,  orihrongh  ui 
mad  iu  niodiJi.  eqiuU  nutrition,  or  other  cause,  gives  origin  to  a  tabo.     Ai 

if.  of  Severn)  cells  thua  elongated,  and  placed  end  to  ex»d 
each  other,  the  tciminal  portions  should  be  obUtetatcd  eitiicr  by  rup* 
tiire  or  al#orj>lion.  a  vr-esrJ  |)cnnoHbh'  throughout  is  the  repiilu     fn  llua 
manner  vascular  tissue  arises.     TheHo  vusmJs  iflill  exhibit  the  stmcftnal 
pccuharity  of  llic  cella  from  which  they  have  ori^nated  in  this,  that  ibe 
mav  be  tbrtiticd  in  their  interior  with  Hlirca  wound  in  a  spiral,  ant)  nl 
constituting  a  spiral  \-esael;   or  wound  in  riiige,  and  forming  annolttj 
ducts.    In  U)ce  manner,  tlirough  similar  modifications,  (he  varieties  kDOWv.| 
ns  reticulated  and  dotted  ducts  arise.     In  tlicso  tibro-vascolar  tisaues  it 
frequently  hap|N>nB  tliat  the  Ibrtif^'ing  threat)  is  doable  or  even  qtudnt- 
p)o.     Of  spiral  vessels  deri^'ed  firom  a  cactus  wc  have  an  example  in  ti» 
photograph,  ^i'j.  235,  and  in  tlioso  from  t)ic  banana  in  timt  of  J^iy.  23^ 


aplnl  TMMili  arsMtai,  u^alllad  aOdlana 


iipind  rsaarli  af  kuiota,  Mfnllirt  00  41aaiaH«t 


Other  luTws  are  for  the 


The  Rpiral  vcsficls  of  plants  contain  air, 
Siurni  vtM«i4,  conveyance  of  li(|uit) ;   the  laticiferous  veaaels,  for  example 
\w.**^'^  which  arc  branching  tubes  r?#  ^. 

nlfera.  for  transmitting  the  latex 

of  plants.  Again,  in  other  cases,  the 
interior  of  the  vea*>cl  is  more  or  leas 
completely  filled  up  by  a  grailaal  de- 
posit of  Roliil  material,  it  beJii};  in 
this  manner  tlial  projier  wooily  (ihrc 
is  formed  from  long,  spindle-shaped 
cells.  Vascular  tissue  in  conit'eronsi 
plants  present?  a  j»eculiftr  dotted  as- 
pect from  dise-Hko  forms,  cxliibiting 
a  pair  of  concentric  circles,  whieh  .ire 
set  at  regular  intervals  upon  it,  aa 
n  tlie  photograph,  J^i/^.  2.37, 
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which  18  dotted  woody  libre  Ironi  pine.  The  circular  discs  or  glands  run 
in  siiiglo  rows  except  in  one  pincc,  where  a  double  row  is  seen.  Among 
true  living  pines  more  than  iwu  rows  are  not  mot  with.  In  the  Arauca- 
ria  the  rows  are  aomelimcs  triple  or  even  quadruple. 

Animal  vascular  tissue  ariftea  in  the  name  mnniicr  as  %Tgctfll)lo,  hj  the 
conjunction  of  elongntcd  cells  and  the  obliicnition  of  their  ,,  ..  . 

tcrmiiiations.  The  phrsiological  purposes  these  vessels  »ub-  ohit*  fibnas 
serve  are,  as  in  tlie  uthcr  instance,  the  conveyance  of  gases  or  *"•"•• 
Uquids.  But  fibres  may  form  in  animal  fabrics  without  thi^  previous  in- 
termedium of  ceils,  either  directly  from  fibrin,  the  parts  of  which  possess 
the  quality  of  iigghitiiiBling  into  threads,  or  from  the  coaIcs4*cni»  under 
like  circumstancca  of  substances  allied  to  gelatine,  which  yield  the  vorie- 
dea  of  fihrons  tiamc  known  respectively  as  the  ycUow  and  the  white, 
tlie  former  being  composed  of  branching  filanx'nt.'',  as  seen  in  /'7*^.  238. 
It  is  unacted  upon  by  warm  acetic  acid,  and,  trom  its  extraordinary  elaa- 
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ticttVf  is  used  wherever  that  quality  is  required.     The  latter,  which  is 
represented  infig.  23S>,  shows  strands  of  a  wavy  nppearanw:  it  is  inelas- 
^^<,.  ;♦«  lie,  softens  under  the  action  of  acetic  acid, 

being  thereby  distinguished  from  the  pre- 
celling,  nnd  is  employed  on  account  of 
its  tenacity  wherever  resistance  to  exten- 
sion is  ret^uired,  as,  for  example,  in  the 
li_  iici-nirt  of  the  joints.     Tim  solid  aui- 
^  r\  iiuil  libri'S  are  therefore  employed  where 
'';  pliystcol  qualities  are  necessary-,  the  hol- 
;     low  tubes   for  organic  processes.      By 
some  phyninlogistn  it   is  lielieved  that 
both  yellow  and  wliite  fibrous  tissue  arise 
from  cells. 
AfMtariiM^M«nUMiAdi»cicm  Areolar  OT  connectivc  tissue, /"kV.  240, 


r\ 


U 


A. 


r 


MFFEREKTIATIOK  OF  CELLS. 


fin- 

j»y 

'bo  speti-     I 

aoKCitlie-V 

i 


is  composed  of  tlie  two  preceding  elements,  the  jellow  and  white  tibrons. 
interwoven  with  each  other  bo  as  to  constitute  a  porous  stmcturc,  with  j 
multitndc  of  intcrcomuiunicattng  spaocii.     It  la  to  bo  undcrstoo^l  liui 
these  interstices  are  wholly  distinct  from  cells;  hence  the  inappIicAbili 
of  the  tcmi  cellular,  sometimes  employed  for  this  tissue.     ^Vrcolar  tiM' 
i«  employed  for  uniting  the  varioua  aniinul  parts.     Its  interspaces 
tilled  n-itJi  a  duid.  which,  when  Jn  excess,  is  spoken  of  as  dropsical  efh' 
fioa.    Air,  ortiticiaUy  or  accidentally  introduced  at  any  point  into  it.  may 
]ia8a  to  every  part,  aa  is  illustrated  iu  cusca  of  cmpliyscma.     Tbo  sped- 
nien  from  which  the  figure  is  taken  was  in  this  manner  inflated. 

By  tlie  diderentiation  of  cells  is  meant  the  assumption  of  a 
PHUfrniHartim  i^  tbeir  structure  from  which  follows,  as  a  conse^noKe, 
of  ocIIb.  capacity  of  discharging  new  hinctione.     ^Hien  the  red  sooif- 

Jga  ronltiplies,  aa  prcrioualy  described,  eacli  of  the  young  cells  resem- 
bles that  &om  which  it  was  derived  in  structure,  and  discharges  a  Bimi- 
lar  office.  In  suclt  a  ease  there  is  development,  but  not  ditferentiition. 
When,  on  the  contrary,  a  liclic-n  grows  on  a  rock,  though  the  original 
tendency  in  development  may  have  been  for  tlie  production  of  ceils  fruta 
the  first  germ  ahsolutoly  similar  in  all  directions,  yet  the  (urcumstancM 
of  growth  are  duch  that  very  soon  the  physical  conditions  under  which  ^ 
the  cells  of  different  parts  of  the  growing  mass  are  generated  become  «Jif"*" 
ti^rent.  Those  whicli  are  next  to  the  rock  are  screened  by  the  supoiB- 
eunibejit  ones  from  the  sunlight  and  the  air;  they  are  therefore  develop- 
ed in  a  comparative  obscurity,  and  in  the  presence  of  moisture  holding  ia^J 
AoiniMtion  of  solution  inorganic  saltA.  Under  such  circumstances,  it  is  tO^| 
"*■  ftnK-tioo*.  be  cxjKTled  that  a  modification  will  ensue  in  their  constmc* 
tion,  and  that  they  will  be  different  from  ihoae  which  arc  developing  od 
the  exterior  in  contact  with  the  dry  air;  and,  since  a  change  of  struclare 
invariably  implies  a  change  of  function,  we  might  expect,  as  in  reality  i* 
the  ca£e,  that  the  outer  cells  are  for  the  obtaining  of  carlion  from  the  air, 
biMiig  acted  upon  by  the  sunlight,  and  tlic  undei'  cellti  for  prucuring  moiM- 
ure  and  such  valine  substances  a^  may  bo  wanted  from  the  rock  smhae 
WIow.  In  such  a  case  as  this  there  is  a  differentiation  both  of  structuiv 
and  of  function. 

Structural  differentiation  is  to  be  received  aa  the  caoso  of  fuQctional 
iHihraiUaiion  differentiation,  which  is  its  consequence.     The  fuimer.  io^ 

tii»ngii]ftr«»-  every  instance,  arises  from  the  changed  circumstances  undd^l 
ifMaoakppwn      ,  .  ,       ,,  ,    ,  ,        ,--.,-,  -  .  ' 

u>  b«  dainrm.    wluuh  ceiis  aro  being  geueruLcu,  and  n  this  change  ofcucum- 

inedbj-law.      ataiiees  follows  a  rtgular  order  or  sequence,  the  diffemitii- 

tion  will  assume  the  appearance  of  being  guided  by  a  Jixfd  law.      Many 

physiologists,  who  have  not  been  disposed  to  accord  to  physical  agents  a 

ihic  influence  in  this  respect,  have  therefore  imputed  to  the  developing 

cell  »  {x>wcr  or  properly  of  spontaneously  pursuing  a  delenuioate  career. 
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It  the  facts  are  capable  of  interpretation  either  upon  the  doo- 
"  trine  that  external  concUiions  gutdc  or  compel  the  cell  in  its  df^velopmcnt- 
al  career,  or  that  it,  hy  reason  of  an  innate  power,  fipontancously  puTfflics 
a  tletertninAte  course  in  spite  of  them ;  determinate,  because  that  power 
ts  acting  under  a  law.  The  mixed  doctrine,  whicli  imputes  the  career  of 
dcTcloptnent  In  part  to  (he  innate  powex  of  tliu  cell,  and  in  part  to  the  in- 
fluence of  extcnial  conditions,  it  is  needless  for  us  here  to  consider. 

No  donht  can  lie  entertained  of  the  fact  that  a  ceJI  or  congeries  of  cclld 
will  differentiate  when  eiibniitted  to  new  physical  conditions  while  in  the 
act  of  development.  Thus  certain  liclicns  pass  into  forms  analogons  to 
alga?  if  the  normal  conditions  of  their  production  he  reversed — if,  instead 
of  developing  in  places  that  are  i\ry  and  "brightly  illuminated,  they  art* 
supplied  with  moiaturp,  and  made  to  grow  in  obscurity;  and,  in  like  man- 
ner, some  of  the  fungi  will  simulate  algte  if  they  are  compelled  to  vege- 
tate in  ivatcr. 

Tlie  separation  of  the  organ  for  the  Tfccption  of  water  and  that  for  the 
reception  of  carbon,  which  is  first  shadowed  forth  in  the  under  and  outer 
of  the  lichens,  ia  manifested  in  pertection  hy  highly-developed 

Mits,  in  which  the  root  discharges  the  fomter,  and  the  leaves  the  latter 
doty,  and  these  are  separated  widely  apart  from  each  other  by  the  as- 
cending axis  or  stem. 

The  remarks  here  made  respecting  plants  might  bo  repeated  as  re- 
gards animals,  which,  during  their  development,  exhibit  the  niffcnatutioii 
principle  of  differentiation  even  in  a.  more  striking  way.  of  itc  •ninwl 
Thus,  in  the  protozoa,  as  in  the  protophyta,  cells  undergo 
daplication,  and,  by  development  in  new  posidona,  or  undw  changed  cir- 
cnmstanccs,  exhibit  differentiation.  The  trivial  circumstances  under 
which  new  functions  are  assumed  are  well  shown  in  Trembley's  cxpcri- 
nenls  with  the  hydra.  Tliia  polyjw,  which  is  nothing  more  Experimcnu 
than  a  gastric  sac  fHniished  wit!}  prehensile  tentacles,  re-  'HUiibehyin. 
spiles  on  its  outer  surface  and  digests  on  its  inner ;  hut  so  closely  arc 
these  functions  blended  together  that,  if  the  animal  Itc  turned  inside  out, 
the  surface  that  did  respire  will  now  digest,  and  tliat  which  did  digest 
will  now  respire.  Indeed,  we  may  in  an  ideal  manner  con-  ,^^  dUhrtB- 
QcdTe  of  the  production  of  the  more  elementary  animal  forms  luiionaf  Mt< 
88  arising  fn>m  a  simple  sac  or  bag,  which,  furnishing  a  start- 
ing-point, exhibits  its  first  acquirement  of  locnlizalioo  of  function  hy  the 
doubling  of  one  half  into  the  other,  thereby  giving  rise  to  a  cup  or  pocket 
shaped  form,  so  tluit  respiration  and  digestion,  which  were  confusodly  and 
conjointly  carried  forward  upon  the  aamc  surface,  are  now  parted  from 
each  other,  the  outside  of  the  t-up  being  devoted  to  the  one,  and  the  in- 
side to  the  other.  Increase*!  endowments  are  obtained  by  crimping  or 
dividing  the  edgo  of  the  cup,  preliensile  organs  of  less  or  greater  length 
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and  power  thereby  arising;  and  (hi^,  in  reality,  is  tlic  stnictttn  of  the 
liydra  ju5t  alluded  to.  Anotlier  advaiu-e  ia  made  by  the  |ire()aration  of 
iicw  and  complicated  structures,  tashioned  oat  in  tbc  scbstauoe  between 
the  inner  and  tlie  onter  irall,  and  in  this  momifir  arise  the  various  mech- 
anisms for  respiration  and  reproduction.  Such  a  stato  of  tilings  is  pr^ 
sented  by  ihe  Actinia. 

It  will  be  found,  when  we  describe  llie  dcTelopmcnt  of  tho  higher  ani- 
IndivUiwi  wii  tnals,  that  a  parallelism  is  obserred  betweca  the  career  of 
MM  ikvoici*.     each  individual  and  that  of  the  series  to  wliich  it  belongs. 

J*  b*  dithf  The  evidence  funiishcd  by  natural  liistory  and  palaMOtologjr 
proves  that,  in  the  devclopnmit  of  animal  species,  there  has 
been  an  orderly  progrc^  not  so  mnch  from  those  of  a  lower  to  tiioae  of  a 
a  higher  form,  as  from  the  general  to  tlic  special ;  a  gradnal  parting  out  f 
of  structures  and  functions  that  were  once  commingled  and  coalesced,  an 
elaboration  which  may  be  attributed  either  to  a  melioration  of  the  cir- 
cumstances under  which  species  were  successively  forming,  or  to  the 
ianate  power  posaeseod  by  tho  organic  stnictnie  itself.  Evrji  at  tlic  pre^ 
cnt  time  our  knowledge  uf  the  onlcr  of  geological  change  is  sulBdeniljr 
exact  to  enable  us  to  inBlituti>  an  intjuiry  into  the  proljability  of  the  cof- 
DUbMntiitkn  rectoess  of  each  of  these  Iiypotbescs,  nix>n  the  principle  tluU, 
S^Tna'rir-  S''***  there  ia  tliat  i»arallelism  between  the  career  of  indiviJ- 
connmoB.  ual  development  and  raw  development,  there  should  also  U 
an  analogy  in  the  physical  circumstances  under  which  they  have  taken 
place.  Among  conditions  in  imimal  devclojmient,  two  prominent  ones 
may  be  mentioned  ;  they  are  tlie  degree  of  lempcmtture  at  which  the  pro- 
oess  is  carried  forward,  and  the  (juolity  or  nstim  of  the  medium  supplied 
for  respiration.  No  doubt  can  now  oxi^t  that,  as  rt^rds  the  fanner, 
there  has  been  a  gradual  diminution  from  the  early  times,  and  that,  aa 
re2)(>«>cts  the  latter,  tlic  quantity  of  oxygen  fiimislied  in  the  medium  of 
respiration  has  been  increased.  It  has  long  been  observed,  in  a  general 
way,  that  tbero  ia  a  correspondence  between  the  activity  of  it^piratioa 
and  the  degree  of  animal  endowment,  both  aa  reganls  the  individual  and 
InflMBNoT  ^®  ""^^  '^''^  provision  made  for  the  more  pcriect  condno- 
ibe  urui  tion  of  the  process  from  the  moment  that  tlie  embryo  exhibits  ^ 
"*  """'  any  artcrialization  of  its  blood,  is  always  attended  witli,  if  t|f 
\n  not  tho  cause  of,  increasing  animal  power.  Tlie  supply  of  oxygen  at 
the  first  period  is  very  imperfect,  but  instrumental  means  are  iutrodnced 
in  succession  to  increuse  the  amount.  When  u  mere  membrane  has  be- 
come insuihcicnt  to  meet  the  roquirementx,  branchio-  ore  resorted  to.  ood 
these,  in  their  turn,  are  replaced  by  lungs.  In  a  donble  way.  therefora, 
an  mcreosed  supply  is  secured,  by  alicrntions  in  the  ino<^uiniiun  obtain- 
ing  it*  which  gradually  becomes  more  and  more  adapted  to  the  end  io  ■ 
view,  or  by  variations  in  the  chemical  constitution  of  the  medium  wbicb  ^ 


IKFLUBKCE  OF   EXTERNAL   ACIKKTS. 


fitmiahes  it.  Thus,  in  tlie  development  of  a  mainmnl,  the  first  and  lini- 
ited  supply  of  oxygen  is  from  the  portion  contained  in  the  liqnidfl  of  the 
oruni :  a  for  more  copious  one,  »t  a.  later  |>crioU,  is  ticrivoil  troni  ihc  pla^ 
cental  meclmnisra;  Init  these  snbordinatc  statw  eventually  give  place  to 
the  direct  respiration  of  the  open  atmospheric  air.  As  Ihi*  gradual  match 
in  the  evolution  of  the  respiratory  function  is  going  forward,  it  is  attend* 
cd  by  a  corresponding  development  of  all  the  animal  capabilities. 

too,  on  tlie  great  scale  with  genera  and  a|?ecies.  In  the  impure  at- 
here  of  tlie  earliest  geologitail  times,  it  was  not  posKiUf.  tliat  energet- 
ic KS{riration  couhl  ho  carried  on  either  by  aiguutic  or  hy  aerial  animals. 
Both  may  be  included  in  the  remark,  for  it  is  di'monstrablc  that,  on  ordi- 
iiary  physical  principles,  there  mtist  ever  be  a  correspondence  between  the 
chemical  constitution  of  the  atmospheric  air  and  tlio  gna  of  respiration 
diasolved  in  tlie  sea,  or  odicr  natural  wators.  Abundant  geological  evi- 
dence is  before  ua  to  the  efiect  that  the  entire  respiratory  medium,  both 
BtzDosj^eric  and  afjuutie,  hna  imtv^&l  through  a  gradual  amelioration,  tlie 
percentage  amount  of  its  irre^ipiraklc  elements  declining,  and  that  of  its 
correspondingly  increasing.  7"he  removal  of  lliose  prodigious 
of  carbon  deposited  as  coal  satisfaclorily  establishes  this  point ; 

id,  tlicrcfore,  ah  tiir  as  that  medium  is  concerned,  there  is  a  general  r^ 
»emblanoe  lietween  the  conditions  under  which  the  entire  animal  series 
and  the  single  individual  have  been  placed. 

We  might  include  in  these  remarks  the  vegetable  as  well  as  the  ani- 
mal Rcriefl;  for,  as  res[K>cts  flowering  plants,  it  is  the  special  function 
of  tlieir  Horal  or  repnxluciivc  apparatus  to  discharge  at  a  jiarliculnr  epoch 
llie  functions  of  an  animal  in  taking  oxygen  from  the  air,  and  replacing 
ii  by  carbonic  acid.  There  would,  therefore,  be  no  cause  for  surprise  it^ 
in  that  ancient  carbonated  lUnicsphere,  cryptogamic  plants  alone  could 
koftiutain  themselves,  and  tlmt  the  lowering  tribes  could  only  appear  after 
a  due  change  in  the  aerial  constitution,  wliich  also  gave  to  hot-hloodod 
animalii  the  opjHirtunitv  of  coming  lortli.  That  change,  as  we  have  said, 
consisted  essentially  in  the  appearance  of  a  great  excess  of  oxygen  gas. 
Such  a  superficial  cxnminiLtion  of  the  question  shows  that  there  is  a  par- 
allelism between  the  physical  conditions  under  which  the  animal  series, 
a  the  lapse  of  countless  centuries,  has  been  placed,  and  thoso  to  which, 
in  the  shorter  |>eriod  of  its  history,  the  developing  indindual  is  submit- 
at  least  OS  respects  the  respirator^'  function.  But  it  is  to  be  rc- 
lifaered  that  respiration  is  the  prime  function  in  the  animal  oconomy. 

As  regards  tlw  influence  of  heat,  it  has  1)ecn  remarket!  in  the  preceding 
chapter  that,  at  the  |>eriod  of  the  iirst  appearance  of  organic  intiwiiMW 
forms,  tliero  was  not  oiJy  a  high,  but  likewise  a  uniform  tem-  '^■•'■ 
literature  all  over  the  gloW.     The  evidence  establishing  this  is  already 

ven ;  but  if  tims,  in  what  might  be  tenned  the  infancy  of  the  organic 
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series^  such  a  perfect  uniformitj  in  the  condition  of  fempcratturc-  olilun- 
ed,  tlie  Biinie  is  often  observed  in  the  first  periods  of  iudividual  dc%-(dop- 
ment.  The  circumstances  under  which  the  ovum  cominunocs  its  career, 
even  in  the  hij^ihcsl  tribes,  insur«  for  it  a  [x;rfect  relief  from  every  varia- 
tion of  lieat.  InclHilcfl  in  the  body  of  the  female,  it  is  cat  offlrom  all 
external  causes  of  distnrbance.,  and  kept  at  the  tcm|)emturc  of  her  body, 
whatever  that  lpmi>eralure  may  be.  In  those  cases,  as  in  birds,  in  whtclt 
the  embryo  is  developed  under  circumstances  of  necesaary  exjjosure,  a 
strong  instinct  is  called  Into  operation,  and,  by  the  incubation  of  the  pa- 
rent, the  tiecessary  unitunnity  is  secured.  Again,  in  other  in.slatices,  oa 
in  tlie  ova  of  insects,  whicii,  by  reason  of  their  minuteness  and  their  fre- 
quently exposed  position,  althougit  they  may  nni  through  their  earlier 
changes  vrJlh  relatively  great  rapidity,  some  accomplishing  them  in  the 
almost  uniform  wannth  of  a  summer's  day,  dfvelojinR'nt  never  does  nor 
can  occur  until  the  required  condition,  even  if"  St  be  temporary,  as  to  uni- 
formity of  tcmperatiuic,  is  reached. 

These  considerations,  though  not  affording  an  absolute  proof  that  tlic 
career  of  development  is  guided  by  the  influence  of  esternal  physical 
conditions,  are  sufficiently  significant  to  cast  an  air  of  probability  over 
that  doctrine;  and  even  if  we  adopt  tlie  view  that  the  developing  gemi 
possesses  a  plastic  power,  whicli  spontaneously  compels  it  to  run  forwaril 
from  stage  to  stage  in  a  predestined  career — if  we  recall  what  has  already 
been  Bftid  rpsp<'cting  that  plastic  power,  that  perhaps  it  is  itself  iiotlnng 
more  than  a  manifestation  of  the  remains  of  antecedent  physical  ini])rcg- 
sions,  we  are  really  brought  back  to  the  same  starting-point;  and,  under 
any  hypothesis,  we  encounter,  sooner  or  later,  as  a  necessary  postulate, 
the  grand  doctrine  that,  directly  or  indirectly,  developmeut  is  a  function 
of  external  phygieal  condition. 

It  is  not  to  Ije  supposed  that  diffi-rentiation  takes  place  with  equal 
Fpochii  of  dif-  ^^^^  "t  ""^  periods  of  (he  liistory  of  organic  forms,  whether 
reiMiUaiion.  ^.g  consider  them  in  the  great  scale,  as  constituting  tlie  ani- 
mal eerics,  or  on  the  small,  in  the  individual.  There  arc  undoubtedly 
epochs  in  each  of  thc'ir  liiatorics  at  wliich  the  exertion  of  nil  external  in- 
fluence will  produce  an  effect  infinitely  greater  than  that  wliicli  would 
occur  at  any  other  moment.  Il'  we  may  be  perniitted  to  use  such  u  me- 
chanical illustration,  tJie  career  of  an  organism  recalls  the  flight  of  n 
heavj'  projectile,  as  a  shell,  thrown  upward,  which,  at  the  first  moments 
of  its  ascent  and  the  last  of  its  descent,  pursues  its  way  irresistibly,  but 
when  it  is  at  the  top  of  its  flight,  and  the  momentum  which  had  been  im- 
parted to  it  is  just  erasing,  tlie  slightest  breath  of  air,  or  the  exertion  of 
any  other  insignificant  force,  will  divert  it  into  a  path  different  from  that 
in  which  it  would  have  gone ;  and  so,  in  the  career  of  an  organifim,  there 
arc  moments  when  forces,  which,  at  another  time,  would  have  been  unfcli, 
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Ban  bring  on  differentiation,  and,  llirongh  it,  call  into  cxifitencc  new  func- 
lioDS,  and  thereby  ibrever  determine  a  new  course,  through  which  it  must 
It  ia  because  a  due  weight  hus  not  been  pvrn  lo  this  considcra- 
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don  that  many  pKysiulogistH  have  dtipreciatud  the  iiiilucnco  of  cxteiiiad 
nrcontstances,  or  even  denied  it  altogether,  for  tlicy  Iiavo  aanumed  lliat, 
(incc  wc  can  not  produce  a  more  marked  change  t!iaii  wo  do  in  the  way 
if  accomplishing  a  variation  in  species  by  artificially  altering  t\w.  oonili- 
tioiia  under  which  l)icy  exist,  smch  conditions  can  have  had  but  little 
bowt-T  iu  bringing  ihem  to  their  present  Slate, 

Upon  the  whole,  there  can  be  no  doubt  that  ditTerentialioM  will  occur 
n  a  more  marked  manner  according  as  tlic  exciting  impres-  iJiKuitc  chin- 
iton  is  made  at  an  eiirlier  pL-riod  of  the.  organic  career.  Con-  |'"("'"\i,','^  J|"  ^ 
reraely,  iho  more  ailvanecd  lin*  organism,  the  k'98  the  proti-  periiKls  o(  life. 
ibility  of  difierenliation.  For  lliis  reason  it  is  that  striking  changes  of 
h.i»  kind  arc  rarely  wilnc8*ed  in  indiviJmd  life:  they  occur  chiefly  in 
the  first  embryonic  st«teff,  and  therefore,  for  the  most  part,  re^jutre  for 
their  full  manifestation  generation  after  generation.  Great  organic  varia- 
lloiis  ore  not,  Uicn,  to  be  expected  in  the  iudividuaU  though  they  may  be 
iistinctly  maoifcsted  in  tliu  couise  of  time  by  the  laoe  to  which  it  be- 
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the  populnr  view  of  the  organic  world,  each  individual  being  is  re- 
as  maintaining  an  exii^tence  independent  and  irrc-  l\>pBb»r(Mr 
live  of  flU  others,  or,  at  moat,  only  connected  with  thofw  „Bj^,^^of. 
[of  its  own  race  or  kind.     Without  any  ap[>arent  disturb-  gMic  uIbui. 
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uncG  of  tlie  general  system,  this  or  that  species  or  genus  might  never 
have  cxistcdf  since  it  stands  in  no  relslion  as  being  tiie  product  of  others. 
nor  as  having  leeii  conceriiud  in  giving  origin  to  others. 

But  thiwp  superficial  conceptions  arc  now  to  be  replaced  by  othtn-s  of 
a  far  mom  general  and  philosophical  order,  whiuli  present  to  us 
organic  creation  under  an  a.s]iect  of  sublime  grandeur,  each  class 
of  hcinga  standing  in  an  intercommunication  or  connection  with  others — 
a  part  of  a  plan,  the  nianifcstations  of  which  arc  not  iiniitcd  to  the  fomu 
nov  existing,  but  also  include  those  presented  by  the  ancient  geological 
times,  These  views  cast  a  fioud  of  light  not  only  upon  the  relations  of 
the  various  races  of  life  to  one  aiiotlier.  but  also  of  the  human  tamily  fo 
tliera,  illustrating  the  course  ttirough  which  man  has  hitherto  pogsed.  and 
indicating  lliat  through  whicli,  in  future  ages,  he  is  lo  go. 

Starting  from  a  soliraiy  eel!,  development  takea  place,  and,  aocm*ding 
Aiiwganiutw.  fts  extroncous  forces  may  be  brought  into  action,  variable  iu 
tiirJllJiriJw^  *'"^'''  "^*""''  **"''  thffcring  in  their  intensity,  the  rcpulting  or- 
orceii.  g.ihisnis  will  Uitfer.     If  such  language  may  be  used,  tlie  aim 

of  Mature  is  to  reach  a  certain  ideal  model  or  archetype.  As  the  paa- 
sage  toward  this  ideal  model  is  rooro  or  lens  perfectly  accompli  shed,  form 
after  form,  in  varied  &uccet<siotu  arises.  The  original  subslratnm  or  ma- 
terial is  in  every  instance  alike ;  for  it  matters  not  wlmt  may  be  the  class 
of  animals  or  of  plants,  the  primordial  germ,  aa  far  as  investigation  has 
gone,  is  in  every  instance  the  same-  The  microscope  sliows  no  diHer" 
ence,  but,  on  the  contrary,  demonstrates  the  identity  of  the  firat  cell, 
which,  if  it  pasBCS  but  a  little  way  on  its  fonvard  course,  ends  iu  pre- 
senting the  obscure  cryptogamic  plant,  or,  if  it  runs  forward  toward 
j-eaching  the  archetype,  ends  in  the  production  of  man-  The  diver«ty 
of  form  that  is  cvcJituoUy  presented  dej^cnds  then,  not  upon  the  coiujtt- 
lution  or  aspect  of  the  priutiiivc  cell,  Imt  upon  the  influence  of  the  many 
surrounding  agencies  to  which  it  is  expoi«c(L  In  one  instance,  through 
Th(  pTiiiiitivc  the  interworking  of  these  agencies — perhaps  by  cessation  of 
'wMd'io"diinit-  **"*''  ^^  perhaps  by  its  increased  intensity — dcvelopmcni 
cQt  points.  comes  np  rnpidly  to  a  certain  point,  and  there  stops.  In 
another  case,  through  change  in  the  conditions,  it  runs  to  a  farther  de- 
gree, and  there  stops.  Organic  beings  are,  therefore,  the  materialized 
embodiment  of  what  must  take  place  tlurough  the  action  of  given  forces, 
of  a  given  intensity,  and  under  given  conditions,  on  an  evolving  cell; 
ThedMirifirti.  and,  ihfiugli  it  nmy  suit  the  purposes  of  description  to  classify 
iilwffn- m"rti>-  *■''*'"  '"'*^'  orders,  genera,  species,  or  other  sudi  subdivisions, 
tiuoiu.  it  must  never  be  forgotten  that  these  are  artilicial  fictions, 

and  have  no  real  fonndation  in  nature. 

Not  only  is  the  primordial  cell  in  all  instances  the  same,  hut  the  first 
stages  of  il0  careei'  are  iu  all  instances  identical,  and  this  whether  we 
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con»iflcr  it  in  the  lowest  or  tlic  tilgheet  eases,  belonging  either  to  the  vcg- 
ntaliln  or  the  aiiimnl  kingdom.  It  ift  a  proccsB  of  repetition  or  reproduc- 
tion, cell  arising  tVom  cell.  And  here  at  once  wc  may  correct  the  lan- 
guage so  often  tiacd — in<leetl,  wiiicli  we  have  oiirscivca  just  luetl  in  this 
respect,  for  such  tenns  ita  high  aiul  low  arc  only  to  Ijo  cniplOTcd  in  a  yeiy 
restricted  eense.  The  e%'olving  cell  gives  rise  to  other  cells,  but  for  a  pe- 
riod of  time  no  indication  is  presented  as  to  which  ol'the  two  kingdoms 
it  18  to  Mong,  animal  ur  plant.  By  dcgrucs,  as  tho  dcveloji-  t»erat<tji«"<-''t 
ment  goes  on,  that  paint  is  dctnrmined,  and  so,  one  after  an-  "  «tt*'<"i«i  i.j 
otber,  the  unfolding  mass  gradoally  reveals  the  claas,  order,  cvoivincof  i 
family,  genus,  species,  ami,  tinrdly,  its  sex  and  individual  pe-  ">''""'^ 
culiarities.  In  h11  iIiih  there  is  an  evolving  of  the  8j)ecLal  out  of  the  gen- 
eral; one  after  another,  peculiarities,  which  arc  more  and  more  inluute, 
ariso:  and  thus  wu  are  not  to  regard  the  progrtWK  of  duvutuptneiit  as  tak- 
ing place  from  the  lower  to  tlie  higher,  forms  tluit  axe  more  and  more  ci>m- 
plox  arising  in  snccossion,  but  we  are  to  regard  it  as  the  gradual  unfold- 
ing of  the  sjTccial  from  the  general. 

This  career  of  devclojmicnt  applies  equally  to  the  case  of  any  individ- 
ual animal,  or  any  race  of  animals.  Thus  man  himaelf,  in  AMioRyrfde- 
Hucccssion,  passes  tlu^ugh  a  groat  variety  of  forma,  irom  the  [^JXamliuili 
condition  of  a  simple  cell ;  these  forms  merging  by  degrees  ainliiitU(K», 
into  onn  another,  the  form  of  the  serpent,  of  the  fish,  of  the  bird,  and  this 
not  only  a^t  ri-gardK  tho  entire  system  in  the  aggregate,  but  also  as  n- 
gani?  eiicli  one  of  its  constituent  nicdianiBinn — tlio  nprvous  system,  Iho 
circulatory,  the  digestive.  Now,  on  thepnssagij  onward,  these  forms  are 
10  be  regarded,  as  has  been  well  expressed,  each  one  as  the  scuftblding 
by  which  the  next  is  built;  and  just  as  nuutt  in  his  embryonic  transit, 
presents  these  successive  aspects  on  the  small  scalc^  so  docs  the  entire 
animal  series  present  them  in  tho  world  on  the  groat  acale.  Haces  of 
animals  are  not  to  be  compared  as  though  they  were  more  perfect  or  low- 
er thiiii  one  another,  but  as  h-wng  advanced  more  or  less  in  the  <lirection 
from  the  general  to  tlic  special ;  and  therefore,  in  this  |)hiloso])hical  view, 
we  are  juHlinod  in  regarding  those  aniniatetl  fonns  which  herelufore  have 
Ijecn  spoken  of  as  lower  in  the  animal  scale  na  being,  in  reality,  the  em- 
bryos of  those  that  are  higher;  and  this  should  lead  us  to  a  juster  enli- 
matc  of  their  relation  of  value  toward  one  another,  since  wo  arc  very  apt 
1o  contrast  them  in  that  respect.  In  the  case  of  an  inilivid-  vjuBofem- 
ual,  as  in  man,  wc  put  at  once  a  true  interpretation  on  the  ^rrow  b/rmt. 
value  of  the  various  IranBitory  conditions  through  which  ho  has  passed, 
estimating  these  as  of  but  little  intrinsic  im)>ortancc;  as  being,  as  it  were, 
no  more  than  links  in  a  chain ;  and  this  may  teach  us  a  more  just  appre- 
ciation of  the  Illations  of  animal  races  to  one  another  and  to  the  human 
species.     It  may  teach  us  tlu?  folly  of  comparing,  as  some  have  cndeav- 
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ored  to  do^  liin  Riiimnl  tril>ps  with  ourselves ;  of  ineasuritig  tbcir  iiuttivM^ 
with  oor  mental  opdratiotis;  tilings  which  nrc  different  terms  of  two  dii- 
ferent  series,  and  things  which  are  incommensarable. 

There  ate  three  cases  in  which  we  mi^ht  consider  ihia  career.  TbeK 
arc  lirsU  in  the  development  of  particular  organs,  as  the  digestire,  ic8< 
piratoryf  or  circuhitory ;  second,  in  the  development  of  individual  beln|&. 
which  pass  in  their  onwunt  progress,  as  wc  have  said,  tlirangh  variom 
forms  in  succcssiun ;  third,  in  the  dcvclupment  of  species,  presentint; 
wltat  have  been  formerly  designated  as  successive  stag«a  of  increasii^ 
perfection.  For  all  these  various  cases  a  single  illustration  may  guffic^ 
tDBMntion  of  Thus,  in  the  in-imitivc  period  of  life,  a  single  niembrane  dih 
tbt  nnibldins  charges  promiacuoiuly  and  contemporaneously  all  the  va- 
tmm  tb«  gen.  Hous  orgsuic  functioius — ^it  digests,  it  respires,  it  sdicretes: 
*'*'■  but.  a  little  advance  onward,  special  portions  of  it  am  allot- 

ted for  one  and  another  of  these  ascs,  and  a  localization,  a  cfrntralixarion 
of  function  cnnnca,  and  things  that  were  mixc<l  in  confusion  become  wp- 
arate  and  distinct.  As  the  passage  onward  is  made,  still  farther  specinl- 
imations  are  introduced,  and  so  on  in  succession.  Thus  at  the  two  cs- 
tremes  we  may  contemplate  the  single  germinal  membrane  of  the  ovum, 
which  ia  discharjring  contemporaneously  cveiy  function — digesting,  ab- 
sorbing, respiring,  etc. — and  the  complete  organic  appaiatUH  of  man,  the 
stomach,  the  lungfi,  the  skin,  tho  kidneys,  and  the  liver — mcchaniaiti 
set  apart  each  for  the  discliiirge  of  a  special  duty,  yet  each  baring  arii*ii, 
AS  wc  know  positivcJy  from  watching  their  order  of  development,  &Dfii 
that  simple  germinal  tncmbraitc-  We  must  not,  therefore,  penult  oa^ 
selves  to  he  deceived  by  the  appearance  of  complexity  they  cadiibit. 
since,  intricate  as  may  be  their  construction,  they  have  all  arisen  tlimagli 
gradual  centralization,  one  duty  U^ng  Bcparalod  from  another,  and  hav- 
ing an  appropriate  mechnnism  for  itself;  and  so,  at  last,  it  comes  to  pau 
that  even  the  minutest  conditions  ore  diacliai^:cd  by  a  special  port. 
Thus,  in  the  kidney,  the  salts  arc  removed  by  one  portion  of  the  struc- 
ture and  (he  organic  constituents  by  another;  yet,  even  in  these 
most  conditions  of  refmcmcnt,  the  primitive  condition  is  ut  all  timi 
ready  to  be  reproduced,  and,  when  driven  to  it,  each  of  tlicse  stnietu 
can  act  vicariously  for  the  otiiers,  and  discharge  for  the  others  tlteir 
duty. 

It  is  nnneccsaary  for  our  purpose  to  multiply  instances,  since  enwy 
page  of  natural  hiHtorj',  comparative  anatomy,  and  embryology  preaen 
them  in  abundance;  but  it  may  bo  to  tlic  purpasc  to  remark  that  tlil 
doctrine  leads  to  more  worthy  conceptions  of  the  system   of  nature 
for  if  we  suppose  that  there  has  been,  in  the  case  of  the  animal 
a  passage  from  things  that  are  less  perfect  to  things  that  arc  mora  so.' 
though  this  may  be  agreeable  to  our  own  experience,  which  is  cssen 
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liitUv  tentative,  it  gives  ua  vety  banc  notions  ot'tUe  manner  BwiiutMWif 
in  whicli  natural  opt'rations  are  conducted,  since  we  caii  not  TieJ^Uw  or- 
dive«t  ourselves  ol*  the  idea  that  auch  a  posaagc  from  im|»cr-  irinic  worw. 
fection  to  pcrtection  implira  trial,  vorification,  and  improvement :  a  pn> 
ce99  which,  though  it  is  lauitcd  to  the  limited  knowledge  of  man,  is  not 
In  Accordanc«  with  the  precision,  [ici-fijction,  and  cnerg_v  of  Nature,  and  is 
to  be  rejected  the  moment  we  cun&ider  that  we  deal  irith  tlie  acts  of 
tJmniscience  and  Omnipotence.  Moreover,  that  erroneous  view  leads  to 
taUucinus  esumates,  Iwth  in  the  animal  ncriej  and  tn  tlic  individual,  of 
the  cluuTirter  of  transitory  forms,  conferring  on  thcin  too  much  indc- 
[lendeiicc,  and  thercibre  too  much  dignity ;  for  the  transilorv  forms  of 
embryonic  life  and  the  forms  of  animal  sjMKrieB  arc  the  cc^uivalcnta  of 
each  other. 

Kvery  lining  bring,  therefore,  springs  from  a  germ,  wliicli  will  develop 
itself  into  the  likeness  of  its  ]>arcnt,  provided  it  is  submit-  cnrvvr  nnj  rto[>- 
ted  to  the  same  conditions  through  wliich  its  iwircnt  pusft-  r**-"*  *•'*  Aora- 
eni ;  bul  if  the  conditions  bv  chaiigi^d,  it  will  either  lake  |,«nii«  »□  vximw 
oo  a  new  as|)ccl,  or  ii' they  have  become  incfjmpatible,  it  "»l  ««"iiUflii* 
trill  eeue  to  exist.  Kmilarity  of  development  depends  on  simUarity  of 
condition,  as  is  abundantly  proved  by  such  instances  as  the  almost  pcr- 
tect  rcflemblance  of  the  two  sides  of  the  body,  which,  in  reality,  may  be 
regarded  as  distinct  individual  forms.  To  the  proof  thus  deiivvd  from 
bilateral  symmetry  as  occurring  in  man  miglit  be  added  such  suggestions 
aa  arise  from  the  well-known  resemblance  of  twins ;  and  as  identity  of 
condition  will  ihna  give  origin  to  analogy  of  development,  so  wc  may 
^irly  infer  that  ditferenco  of  condition,  no  manor  in  what  respect  the  dif- 
lercnce  may  be,  will  give  rise  to  difference  of  structure ;  thus  experienced 
gardeners  have  shown  that  the  sex  of  flowers  is,  to  a  very  great  extent, 
determined  by  the  brilliancy  of  the  light  in  which  they  grow.  Differ^ 
cnoe  in  the  siipj)ly  of  nutritive  material  remo\'e3  the  spines  from  one 
plant,  or  doublc-s  tlic  flowers  of  anotlier,  by  clianging  its  slainens  into 
petalfl,  or  alters  the  cycle  of  career,  and  makes  annuals  Into  biennials. 
Ab  illustrations  of  the  complete  changes  of  form  during  development, 
Piy  «i^  the  three  following  cases  may  be 

presented:  in  ^ij/.  241  are  shown 
the  ova  of  tlie  frog,  which  are  trans- 
parent spherical  bodies  containing 
a  dark  globule.  From  this,  by  de* 
vflopment,  the  tadpole,  which  is  n 
true  tish,  breathing  by  gills,  arises. 
D.t«k.,<DMicrai«ikr  The  figures  represent  a  siile  and 

upper  Tiew.     After  growth  has  taken  place  to  a  certain  degree,  a  change 
of  Btmctaie  becomes  apparent,  limbs  gradually  emerging,  and  the  ani- 


filO 


ILLl'STRATIONS   OP   DEVEl.OPM  KST. 


nf.ta. 


mal,  after  passing  through  an  inter* 
mediate  state,  eventually  loses  its 
gilts  and  tail,  ceases  its  acjuatic.  am) 
connneticctf  aerial  respiration,  and 
shows  the  aspect,  J^ig.  242,  of  tlie 
.   Ijcrfect  firog. 

J''iff.  243  rcpreaenta  tlio  succesa- 
ivo  melamorplioscs  of  tlie  CarcinQK 
nutnas,  or  edible  crab,  as  ^ven  by  Air.  Couch.     A  represents  the  animal 


p^.ui 
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Dtrrelopmeat  of  lli«  mk 

on  its  emei^nce  from  the  egg.  It  has  a  hemisphnrical'shield  on  the 
head  and  thorax,  with  a  projecting  sjiitic,  a  tail  fnnnrd  of  six  scj^iicnts, 
the  two  last  being  joined  liitcrallv.  The  se-cond  form,  at  li.  exhibits,  a 
great  change :  the  spine  has  disappeared,  the  shield  is  depressed,  the 
eyes  on  footstalks ;  there  are  claws,  and  the  tail  is  often  carried  bent 
utider  the  body.  VHien  this  shell.  Like  its  predecessor,  has  been  cast, 
the  third  form.  C,  is  assumed,  tlie  transition  adapting  the  anitniU  for 
walking  rather  than  swiuiintng.  The  tlnid  t'onii,  D,  is  taken  on  at  the 
next  moult,  and  now  development  ceases,  and  growth  only  takctt  ]>hioe. 
J^iff,  244  illustrates  the  metamorplioaea  of  n  Icpidopterous  insect,  the 
i\.i.iu.  Boinbyx  mori,  or  moth 

of  the  ailk-worra.  t'loin 
the  eggs  there  arisca  n 
caterpillar,  which  not  on- 
ly possesses  the  means  of 
locomotion  by  feet,  etc., 
but  also  contains  within 
ic  die  mdinicnts  of  the 
organs  to  be  cventnally 
assumed.  In  this  state 
Devdopmttic aiiniMu.  the  insect  p&ssea  under 

the  name  of  a  larva,  because  it  Is  covered  with  «  series  of  teguments. 
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wluc]i,  like  masltSt  conceal  the  interior  structure     TIicsc,  in  succession, 
are  cast  ofE 

After  ntanj  sucli  succosslvc  costingA  of  llie  skin,  tliu  insect  enters  into 
the  pnpa  or  chrysaJia  slate.  It  lias  no  organs  of  locomotion,  and,  bs  it 
ha»  been,  with  some  degree  of  imagination,  said,  becomoji  on  egg  again. 
After  resting  in  this  state  tor  a  certain  time,  it  bursts  its  conlittement, 
and  assumes  tlie  fonn  of  an  aerial,  swift-moving  winged  insect  This  is 
its  imago  state. 

It  will  now  he  convenicjit  to  give  a  more  precise  definition  to  terms 
which  have  been  hitherto  used  with  a  certain  hititudc. 

By  the  term  growth  is  to  !«  Tinderstood  the  increase  in  size  of  a  stmc- 
turo,  without  its  assuming  any  vnrialion  as  respects  the  na-  DoiSoiUwi  of 
ture  of  its  fabric  or  of  the  functions  it  discharges.  ^i"t^'i.'!'^J 

By  dilVerejitiation  is  meant  an  increase  involving  niodifica-  AtrcfUiptntau 
tion  of  litbric  and  the  aHi^iiiiijilinii  of  nuw  function. 

By  development  is  meant  a  diflurentiation  of  a  higher  onler,  or  com- 
pound difTcrentiation.  Usually  it  implies  growth  and  differentiation  con- 
join tly. 

As  illustrations  of  the  preceding  definitions,  it  may  be  said  that  a  crys- 
tal grows,  its  enlargement  presenting  no  stmcturtd  variation  and  no  new 
quality.  Celhf  ditl'crcniiatc  from  iheir  normal  spl>erical  form,  and,  assum- 
a  cylindroid  figure,  give  origin  to  vascular  tissue,  the  vessels  so  aris* 
faig  serving  for  new  purposes,  as  for  the  conveyance  of  gases  or  liquids. 
A  tttmd  dcvclnjis,  for  the  organism  to  which  it  gives  rise  not  only  offers 
continually  increasing  dimensions,  hut  at  all  points  the  origination  of 
novel  structures,  arising  by  differentiation  from  adjacent  and  pre-existing 
ones,  these  new  structures  liaving  also  new  functions. 

By  homogeuesis  is  meant  the  production  of  an  organism  in  all  respects 
like  its  parent;  by  hoterogenesis,  the  production  of  on  or-  h,_o__„i_ 
gftcdam  unlike  its  parent.  and  beteraicon- 

For  the  sake  of  brevity  and  simplicity,  we  may  suppose  *"  ' 
thai  there  resides  in  every  germ,  and,  therefore,  in  every  organism,  a  prin- 
ciple or  quality  which  governs  the  collocation  or  grouping  of  new  |>art8, 
the  same  to  which  allusion  has  heretofore  been  made  under  the  dcsigna- 
liou  of  plastic  [lower.  It  is  utuiecessary  for  us  hero  to  burden  our  con- 
ceptions of  such  a  power  with  any  hyicjtlieses  respecting  ita  nnlnre,  it 
being  underi^tood  that  we  use  the  title  of  this  8up|K>sed  agent  only  as  an 
[  ex]no80ion  of  convenience. 

The  prmluction  of  every  organism  apiwars,  aa  far  as  existing  observa- 
tions and  expriroents  go,  to  be  rcleniblc  to  a  previously  ex-  j^n„,_„io 
isting  organism.    This  being  admitted,  gonoration  and  repro-  motwiu*  th« 
dnction  imply,  as  their  starting-point,  an  organic  molecule.  "  «"• 

Such  a  eombuuition,  famished  with  nutrition,  grows,  its  plastic  povei 
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grouping  the  new  niatcml.  But  Ruch  a  growth  can  not  tAk?  plafc  to  any 
extent  without  a  varialioii  being  encountered  in  the  Burrouiiiling  condi- 
tions, anil  the  instant  tliat  this  occurs,  tliflrretitiation  easues  as  ita  ikccs*] 
nary  wneufjueiiw.  Growth  under  changi-d  drcumslanccfl  is  then  <Ufi««- 
cnliatioD.  11'  the  order  of  variation,  as  regards  condition,  is  fXBJCtly  tlv 
CaiMamtor  ***^  "*  *^  *^****  "f  ^^°  P^*""8  """^  dift'erenliating  comhi' 
■iniUfiijr  af  nations,  their  cart^T  of  drvdopmont  will  he  exactly  alike,  and 
iWv^inwai.  jj^^^  tbrnia  they  «-ill  present  at  the  sanie  epoch  of  their  coam 
vnii  be  tiie  same.  According  as  the  career  is  sliort,  ttie  probabilities  C^ 
identity  are  greater,  since  the  chaDcen  of  variation,  which  iiii^dit  be  en- 
cotuitcrod  ill  the  two  cases,  are  less.  But  wlHsre  the  career  is  more  pro- 
iracted,  and  many  conditions  in  euccessiou  must  be  encountered,  it  can 
not  happen  that  there  will  be  nn  exact  resemblance  in  the  course  of  Cko 
organic  conibutationB,  and  therefore-  there  never  can  be  an  absolute  idcth 
tity  in  tiic  aspect  of  any  two  resulting  forms. 

The  general  result  of  every  development  is  betdrogenesiA.  No  paient 
itavMii^meni  organism  ever  reproduces  another  absolutely  like  ilself.  uih 
i«i!uJo'k(^  less  it  be  in  the  lowest  developed  types,  in  which  the  oppor- 
tvffnmit.  tuuity  for  change  is  at  a  niiinuium.  HomogeiMsiB  is  only  «p- 
l)roachcil  an  the  conditions  brining  on  diltcrentiation  approach  siniilan- 
ly;  it  ihereforo  sinks  into  a  special  case  i:oming  under  a  more  general 
Ittw,  and,  indeed,  speaking  with  exactness,  wc  might  say  that  in  the  Dal> 
ural  world  it  never  occurs,  the  prevalent  notion  which  rrganls  it  as  the 
i-ule  and  iKtepogcnesis  as  the  ejiccption  being  altogether  dlusory.  Ev- 
cry  grade  of  organism,  vegetable  and  animal,  furnishes  us  with  examples 
nf  this  truth.  I^t  us  look  for  a  moment  at  the  highest  tribes;  and  is 
ilicni  reproduction  never  lakes  place  except  by  pairs  of  individtuls  ofdif* 
lerrnt  si-xes.  Rigorously,  therefore,  the  births  should  also  be  by  pairs  (rf 
different  sexes.  Moreover,  if  it  be  necessary  in  the-so  general  and  miwr- 
Hcial  considenitions,  lot  us  direct  our  attention  to  the  special  case  of  nisik 
The  infant  necessarily  ditfcre  from  one  of  its  parents  in  sex,  and  tron) 
both  in  size,  weight,  endownietits,  and  physical  attributes.  It  is  like  A 
neither  of  them.  The  [topuiar  notion  may  suggest  (hat  a  cIos»  rcseu-V 
l>Unce  will  be  reuchcd.  {lerltaps,  after  the  lapse  of  thirty'  or  forty  years, 
when  a  nearer  approach  to  the  fomi  nf  one  of  the  iwrenla  may  be  offemi  ■ 
with  elements  incorporated  from  the  lineuineuts  of  the  other;  bat  evenm 
in  this  case  a  rigorous  examination  compels  us  to  admit  that  tike  has  doI 
|>roduced  like. 

Reflecting  on  this  |>opular  illustration  more  profoundly,  we, discern 
CtcIw  orpn>    wherein  the  error  consists.     Listead  of  comparing  cycles 

«BtB  ut  te  onn-  process,  Me  have  been  bluuderinir  with  isolated  forms,  whidi 
puvd,  uid  not   *  .  ,,  _.  1       ,       .  li.-  1  -  1-1 

indiritiuai        arisc  at  thtferciit  epochs  therem.      >t  itliout  going  into  teoi-' 

'^'^  ouB  details,  man  presents,  as  regards  the  most  important  of 
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his  consiilDi-nt  etnicturcs,  iiis  ncrvoiiB  sj'Stem,  llic  saccensivc  cJiardctor^ 
istics  of  an  avcrtehmtt'J  Hnitnal,  a  1is}i,  a  turtle,  a  l>ir<1,  a  i|tintlniped,  • 
qiudrumanous  animal,  L^-lUnj  liu  usttuiiK-s  llic  »{K.i:ial  liuinuii  cliaractcr- 
utics.  Thia  is  Jiia  cycle  oriilo,  aoJ  it  is  the  sauie  cycle  in  one  case  aa 
in  another. 

But  the  itiomcnt  that  our  view  is  thus  cnlargedt  wo  ace  that  it  is  not 
the  individual  witli  w-Iiirh  \v<j  eliuuid  deal,  for  an  individual  we  can  »i:arco- 
ly  define,  iiincc  be  is  continuiilly  ilittering  jrom  biniself.  It  is  witii  a  cy- 
cle of  proceeding,  or  a  course  of  optirations  that  wc  are  engaged,  a  scries 
of  forms  being  tho  outward  manit'cstatlon  of  the  succeeding  |)crioda  of 
Uuit  cycle  or  course. 

An  infant,  though  unlike  both  itii  puivntd  in  form,  has  run  through  a 
career  liko  that  passed  lhrou<;li  by  tliem  both.  Sexual  diUerejitiation, 
which  indeed  is  one  of  the  last  diftcrentiations  occurring,  oflure  Jiu  excep- 
tion to  the  truth  of  tlii.q  remark.  The  similitude  lies  in  the  career,  not 
in  die  fonn  taken  at  different  epoch."*. 

The  csaential  principle,  then,  is,  not  that  an  organism  jiroduccs  a  like 
Monism,  but  it  produces  a  genn  which,  being  placed  under  -j-^^  r«>roaac«- 
similar  circumstances,  passes  through  a  like  career  of  devel- 
opment, and  at  succcsaive  periods  offers  an  orderly  series  of 
forms.  Tiie  career  is  commonly  observed  to  close  as  soon  o-s  the  capac- 
ity for  reproduction  is  assumed.  Hence,  in  every  organism,  the  assump- 
tion of  the  reproductive  state  is  the  signal  that  the  end  of  development 
is  at  band. 

It  docs  not  plainly  appear  what  arc  the  circumstances  which  give  rite 
to  lite  assumption  of  tliis  capacity  ;  nevertheless,  it  may  take  place  at 
any  niotncnl  of  the  career.  In  the  Volvox  globator  it  occurs  abuosl  at 
the  dose  of  tin-  tirst  stage,  lur  ihi;  gtirnt  only  reat:hea  l]ie  condition  de- 
scribed hereaAcr  as  the  mulberry  mans  when  it  becomes  capable  of  re* 
prodiielion  :  but  in  man  ibe  develo])iiig  organi.^m  lias  a  long  journey  to 
perform  beyond  thia  first  slei).  Except  in  the  condition  here  dwelt  upon, 
lie  differs  in  no  respect  from  his  humbier  comnide  at  this  poiul.  The 
lendeney  to  a  gliding  off  into  tiie  reproductive  pha^e  is  in  him  repressod, 
ajid  therefore  differentiation  and  development  continue  to  go  on. 

During  the  dcveloiimetit  of  any  new  organism,  the  new  {Hirts  uniformly 
arise  from  (lie  old  ones:  they  arc  not  built  from  foreign  matc^  Ailthrparuof 
rials  dcpoeitirig  themselves  upon  new  centres,  but  are  edu4^  •"  o"i:'t"i»"« 
by  the  unfolding,  enlacing,  unci  modeling  of  partJi  already  caniBign  ecu- 
existing.      An  organism  is  not  developed  as  we  cnlaroe  a  '**1***8''>- 
house,  by  building  part  to  jhirt,  but  it  all  expands  irom  one  common  or 
single  centre.     As  ihc  sphere  of  its  expansion  becomes  greater,  the  op- 
portanity  arises  for  devoting  diB'eix'nt  regions  to  different  uses,  and'thus 
offices  which  were  conftioedly  tulermingled  become  separated  out,  and, 
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ns.  in  social  uri<Ieiiaking8,  the  dtvigiori  of  labor  gives  greater  perfection  to 
tlie  work,  so  in  this,  functions  whicli,  l>ecmiKO  tlicy  were  blcmlcd*  weir 
imperlLTtty  discharged,  now  assiiuie  prtfisioii  and  jwwcr,  Iwtauae  tbcv 
arc  disentangled  tVom  what  were  perliaps  count en'ailing  oonditiona.      ^| 

By  tbeae  considerations,  wc  arc  gmdiiaUy  led  to  the  general  l(i«r  of  d^^ 
velopnicnt,  first  recognized  by  Von  Biir.  and  passiii;;  umitr 
his  name.     This  ia  somewhat  obscurely  enunciated  in 
following  terms :   '■'■  The  heterogeneous  arises  from  the  homogeneous  by. 
gradual  process  of  change."     Uy  this  it  is  meant  that,  in  the  prooesa 
development,  the  stages  are  not  from  forms  tjiat  are  of  a  d^nvdcd  to  tlMw 
of  a  liigiier  type,  but  that  from  the  goncral  tlic  special,  which  was  ihenk 
included,  is  gradually  ovolved.  • 

In  conclusion  of  these  preliminary  remarks  on  reprodnetion*  ii  mar  b 
iMTsriabk  ■».  observed  tliat,  even  in  the  higliest  and  moat  elaborate  typM. 
fowkMNiiidif.  the  causes  which  bring  on  difTeretitiatiDu  Ibllow  ench  othetb 

"       "'      sucli  a  prcdclerininod  sotpicncc,  lluit  the  whole  plicnotmnm 
might  lie  said  lu  be  under  the  dumtnion  of  malbematical  conditions.   Ax 
a  striking  instance  of  thb  may  be  mentioned,  in  tlic  case  of  man.  the  u- 
merieol  ef)uality  of  the  sexes ;  and  that  this  singular  result  is  dctcrmiatil 
by  tlic  oltcmalc  preponderance  of  conditions  which  arc  othenvise  nialy 
balanced,  is  shown  by  the  interesting  instances  occurring  among  insafi 
of  dimidiate  and  ({uadrale  hcmmpliroditisin,  in  tlic  ibrtnor  of  wkidi 
tbo  resulting  insect  is  of  different  ^rcxes  on  the  two  sides  of  its  botlf. 
and  in  ihc  hittej-  the  male  and  female  portions  are  qnadiantally  arrangsl- 
[f  the  left  aido  of  tho  head  and  llinraa:  arc  those  of  a  niolu  iiisoct. 
right  half  of  tlie  alxtomen  is  of  the  same  kind,  the  intervening  porli 
being  of  the  other  sex.     The  neuter  stnte  might  even  be  imagined 
ariBe  from  the  more  precise  blending,  balancing,  and  confusing  of 
conditions  as  here  give  evidence  of  an  incipient  tendency  to  separate  from 
one  another. 

In  tho  farther  discussion  of  reproduction  we  sluill  fiud  it  conveuiaitly 
DlriBhmiof  oonsiderDd  under  two  distinct  divisions;  first,  generation  ' 
reiMwiuetiwii.  fK^ond.  ^mmnlion.  Our  attention  may,  then,  Iw  protitabl^ 
dircctc*l  to  the  singular  factd  known  under  the  de«ignation  of  alteniatic^"'^ 
of  generations.  As  illustrations  of  tho  terms  here  employed,  it  may  t^ 
staled  that  the  pn^cluclion  of  «  se^^d  and  the  de^'clopmeul  of  a  plant  thw^ 
from  are  to  be  considered  in  connection  with  generation,  and  that  iheoP=-^ 
taining  of  new  phuita  and  trees  by  budding  and  grafting,  and  the  pr^ 
duction  of  many  new  hydras  by  their  spnmting  forth  from  an  old  ooi"^ 
arc  to  be  coii.sidcred  under  gemmation.  13y  the  alternation  of  gcner^^ 
tions  is  meant  that  an  oi^nism,  A.  will  give  rise  to  a  second  one,  l£- 
wholly  nnlikn  itself,  and  thnt  lliU  second  oi^nism,  B,  will  gi^-e  ri 
third,  C,  unlike  itself,  but  C  shall  resemble  A.     This  singidar  conditii 
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'tlitngti  will  be  shown  to  originate  iu  the  periodical  alternation  of  gen- 
3n  ami  gemmation  respectivelj. 

In.  or  OKBnou-noH. 

R<^ro(Jaction  by  gcnwution  in  accompli  shed  on  two  diifrrcnt  tjpes: 
Ut.  By  the  conjugation  of  two  ftimilar  cells ;   2d.  Hy  filnments. 
In  tlio  iirat,  that  is,  by  the  conjugation  of  two  iiimilar  cells,  a  third 
a  sporangium,  results.      Of  this  pmccus  tliere  •!•(„„  „,^ii((. 
FtD  be  three  ditterent  modificutions:    lal.  The  two  sim-  eationa  of  on- 
conjugating  cells  diatihargft  their  cndtichrome,  or  coloring  ^"^    "" 
iteria],  audi  %'oiding  itself  cnmidctdy,  and  tJic  sporanfriiun  urisrii  from 
le  mixtnre ;  2d.  A  dilatation  forms  on  the  [loint  of  union  of  the  two 
ajngating  celts,  and  into  this  dilatation  the  endochromea  of  both  cells 
passed ;  3d.  The  endocliromc  of  one  cell  is  wholly  retained,  and  that 
the  other  is  added  to  it,  the  one  becoming  void,  and  in  tlie  other  the 
iran^uin  being  prodaced.     This,  occurring  in  the  lowest  vegetables, 
which  it  was  for  u  lon^  time  sujifioscd  that  the  type  of  reproduo- 
is  totJilly  different  frniii  that  of  tlowcriiig  jihinta  and  aiiinialu,  pro- 
its  ns  with  the  first  traces  of  what  is  eventually  displayed  as  dlifer- 
ioe  of  sex. 

.^Cfais  shadowing  forth  of  the  difl'ernnce  of  s«xe»  is  illnstratcd  in  a  very 
ictive  manner  by  the  Zygneraa  quinimim,  a  frosh-water  conferva. 
ts  n^incr  of  growtli  is  what  has  Lei-n  almttdy  described  in  the  case  oi' 
Conferva  glomorutn,  J^'iy.  231.      Xn  the  aiinexcl  J^i(/.  245  is  re[W*- 


Pawlofiwi  Mid  rapradixlkni  at  ZjpKUw  qaUIiHnn. 

\tPid  at  A  the  process  of  growth  by  the  subdivision  of  cells,  a  b  c  reprfr 
Enting  thr<-e  i^uch  cells,  the  middle  one,  <^,  being  in  the  act  of  subdivision. 
Ll  li  two  tlireads  arc  in  the  act  of  conjugation.     The  endocturoroca  of 

tk  arc  spirally  arranged,  and  dilatations  reaching  from  one  lo  the  other 
iH-re  and  there  seen.  At  O  the  endoehromcs  of  one  thread,  a,  have 
rbolly  passed  over  to  the  other  thread.  6,  and  the  round  bodien,  or  spo- 
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rangia,  are  the  rrsnlt     It  is  tliis  passage  from  one  thread  to  the 
which  betrays  llic  firi^t  indications  of  sex. 

In  the  second,  that  is,  by  filaments,  two  cells  are  again  oecestfatj. 
T     tMdiiuu  '"^i*^'  differing  in  construction  and  also  in  function,  are  da- 
liofwbrfiu-    ignuted  the  eperm-ceU  and  genn-cell  respectively.     Of  ibiM 
"""^  type  tltcrc  arc  two  mtnliti  oil  ions :   IsL  Rcproiiuciion  by  mtnaj 

ing  filaments,  aa  presented  m  the  higher  alga;  and  ferns:  2d.  By  elon- 
gating filaments,  as  in  lowering  plants.  The  moving  filamcnta,  whicb 
were  discovered  in  tlic  case  of  animals  soon  otter  the  introduction  of  tlie 
microscope,  M-ere  regarded  a»  animalcules,  and  passed  under  tlte  dcsi| 
tion  of  6pcnnatozo<7.  The  germ  which  arinea  in  the  first  of  the«e 
flcutions  is,  in  the  lower  tribes,  unprovided  with  any  nutritive  supply;' 
in  the  higher,  a  stock  of  food  is  prepared  for  it  by  the  parent.  In  the 
second,  the  8[H;rm-cell,  or,  as  it  i&  frequently  termed,  poUcn  grain,  dim 
not  prodace  a  moving  filament,  but  elongates  ilsclf  into  a  delicate  tube 
until  it  reaches  tlie  gcnn-oell.  A  stock  of  nutritions  matter  is  placed 
around  the  resulting  ctnbr}-o,  and  this  is  the  ordinary  construction  M 

seeds-  , 

Itestricting  our  description  to  the  case  which  more  immediately  iDt«>H 
ests  us,  we  sludl  first  consider  the  mode  of  origin  and  nature  of  At  ~ 
Hperm-ccll  and  its  filaments  in  animals,  and  then  of  the  gcnn-ccll  and  it>  ^ 
process  of  development  when  fertilized.  I 

•  l»t   Of  the  Sperm-ivlf. — The  testes  ore  the  organs  in  which  the  ~ 
speniMclls  and  filaments  arise  in  man.     They  arc  of  on  ovoid  ibm: 
each  is  covered  with  a  white  envelope,  the  tunuxt  allu^irua.     A  eerouB 
membrane,  folded  as  a  shut  sac,  overlies  this  tunic.     From  the  inntfi 
surface  a  number  of  delicate  projections  arise,  which  divide  the  organ  ii 
several  com  part  mentis.     In  thc^  compartments  arc  lodged  lobules 
ing  6t)m  the  tubuli  seminiferi  and  their  supplying  blood-vossda.    Thei* 
|.    .     .       .  arc  about  450  lobules  in  each  testis ;  their  shiqic  is  conicaU 
•fH!nn-t«ui  \,y  thc  diamotcr  of  the  tubes  of  which  they  arc  composed  abois''' 
thstMtM.         jjj^  ^^  ^^^^  j^^i^^      rpi^g  ^jj^l  |pj,g(|,  (^tjijg  tubular  Blruc^ 

ture  is  about  three  quarters  of  a  mile.  Before  the  tubuli  of  each  lobul^ 
reach  the  retc  testis  they  cease  to  be  convoluted,  and  bundles  of  tbetv 
uniting  into  larger  vessels,  arc  designated  tubult  recti.  In  the  rele  tM^ 
tis  there  are  from  half  a  dor.cn  to  a  dozen  of  these  tubc^t.  which  varioo^^ 
ly  anastomose  with  one  anotiic-r  and  divide.  Tliey  empty  into  the  imW 
ofierentio,  wliich,  from  being  straight,  become  convolutrd,  a  scries  off 
cones  arising,  which  Irigrllier  form  the  globus  major  of  the  epi(]i<IvTnia^ 
This  is  a  convoluted  cutnal,  of  about  twenty  feet  in  length,  whieli,  d^s! 
sc«nding,  receives  beyond  its  globus  minor  tlie  vascidum  aberruM. 
then  empties  into  the  vas  deferens. 

I^ig.  246,  human  tcDtis:  a.  testis;  6,  lobes;  c  tubuli  recti;  d^ 
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vasciilnsnm ;  s,  Tasa  cfforcntia; /*, 
coni  vasctdosi ;  <7,  epididyniia ;  A^ 
vfts  tlcfercnfi ;  i\  vns  ahf  rrana ;  m, 
liranches  of  the  spermntica  inlcr- 
ns  of  the  tcstin  and  ^pidid^inis: 
n,  ramification  on  the  testis  ;  o,  ar- 
teiia  dcfercntialia ;  p,  anastomosis 
wilb  a  branch  of  tlui  siM^niatir. 
(Aniold.) 

Tho  secretion  of  the  testis  mnst 
be  taken  for  examination  from  the 
van  defia^ns  or  epididymis,  l>cfon- 
it  has  been  mixed  with  the  ^uid  of 
tho  proatbte  and  Coi^-jKr's  glande. 
or  with  mucus.  It  way  be  min- 
gled with  a  iittle  ulbuuicn  or  so- 
rum  for  the  purpose  of  dilution,  nnd, 
when  examined  with  a  power  of 
iiOO  diameters,  exhibil»  ipultitiidcs 
of  moving  bodiwi-  These  arc  the 
seminal  animalcidcs,  or  S[K:rmato- 
zoa.  Among  them  are  to  be  seen,  here  and  there,  round  granular  bod- 
ica,  the  seininal  granules.  These,  with  the  aperraatozoa,  are  sustained 
in  a  dcir  and  transparent  li<iuid.  The  examination  of  these  diiferent 
con.stitut.>nt3  is  i!ondui't(^-.d  with  diflieulty,  BiniM3  they  can  not  ho  &e|iaratcd 
iVom  one  another  by  means  of  Hltmlion.  The  spermatozoa  urise  &om 
the  seminal  granules. 

The  apcrmatozoa  arc  found  in  the  spermatic  fluid  of  all  animnhi  after 
puberty,  their  form  being  different  in  different  clashes  and  Spcmnttwo*, 
Bpectes.  (Jcnerally  they  may  be  described  as  consisting  of  "iwvrit'ikiii  of. 
a  little  oval-i^haped  head,  from  which  a  delicate  filament  or  tail  projects. 
The  motion  of  the  sijcrmatozoa  is  acoomplished  by  means  of  their  fil- 
ament. It  takes  place  in  different  ways,  sometimea  the  filament  vibrat- 
ing like  a  wliip,  Momctimes  rotating  like  a  screw,  and  HOinelinH»  a  spin- 
ning roiindi  as  it  were,  upon  a  pivot,  occurs,  the  lilament  having  been 
coiled  like  a  watch-spring.  Tlie  rate  of  motion  seems  under  the  nitcro- 
flcope  lo  be  rapid;  it  is,  howevc-r,  estimated  at  an  inch  in  thirteen  min- 
utes. In  man,  their  entire  length  may  bo  estimated  at  about  the^^  <rf 
an  inch,  the  length  of  tlie  head  being  about  the  ^[-gVpt  -'"^  '**  num»n  »per. 
breadth  the  ^Q^qQ.  They  contiime  to  exhibit  motion  in  m"""""- 
binls  fur  lifteen  or  twenty  minutes  aAer  death;  in  cold-blooded  animals 
even  after  days.  They  withstand,  for  a  time,  the  artion  of  ftolutiona  of 
sugar  aud  salt,  but  arc  destroyed  at  onoc  by  alcohal  ajid  dihitc  acids, 
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whicli  Jtppcjir  to  nffect  thtar  organutaHon.     Strychnia,  opium,  and  hj-' 
ctrucyanic  acid  likewise  stop  thrir  motions,  liat  vilhout    causing  anr 
change  in  their  form. 

The  production  of  upermatozoa  is  heat  studied  in  the  caee  of  birds. 
gpcmac^ioK  I'or  ^'is  porpotje  Wagner  recommends  tliat  one  of  tji«  order 
iabini*.  of  Passercs  be  taken  in  the  pairing  time.  The  condition  of 
the  testes  iudicAtes  the  state  of  evolution  of  the  spermatozoa.  In  win- 
ter those  urgann  arc  of  tliu  nize  of  a  pin's  3ioad,  but  in  spring  they  Iiavc 
increased  Iwcnfy  or  thirty  fold.  Kxteriorly  ihey  cxliibit  convolutions  like 
those  of  the  brain,  and  contain  granules  and  sominRl  globules.  After 
pairing  time  is  over,  they  relapse  to  their  original  diminulivc  state.  The 
seminal  globules  appear  to  be  derived  from  the  epithelial  cells  lining  the 
tubuli  seminiferi.  They  arc  developed  into  what  are  termed  primary 
eelhf.  each  of  which  contains  a  number  of  secondary  cells  or  vesicles  of 
u^'ohition.  In  the  interior  of  these  vesicles  t}ie  spermatozoa  originate, 
as  a  derivation  or  development  from  the  nucleus,  each  vesicle  giving  rise 
ETolttilon  «f  *°  °"^  spermatozoon.  WJien  tliia  lias  reached  perliiction,  the 
oferaikutott.  vesicle  delitiuescca  and  seta  it  free.  There  arc  from  one  to 
twenty  vcsidea  of  evolution  in  each  primary  coll.  In  birds  the  tilamenta 
may  be  rct.ninod  for  a  length  of  time  in  the  primarj'  cell  after  dclirjaescence 
of  the  vesicle,  bat  in  mammals,  na  soon  as  the  filament  is  mature  it  es- 
capes. In  the  former  case  the  tllaments  aggregate  into  bundles,  but  they 
break  up  into  individuals  when  the  primary  cell  deliquesces. 

J'lff.  247,  spnrmatoxoic  filaments,  develop- 

ing  in  Certhea  vulgaris:  tr,  seminal  granulf* 

b,  cyst,  with  two  vesicles  of  evolution,  many 

granules,  and  abundlcofR|termatozoa;  <:,orkl 

cyst,  with  sjjcrniatozoa  coiled  up,    (Wagner.) 

^^^^■p^    ""--.i— -^  0f  (],g  formation  of  spermatic  Hlamentg 

^^^m^^Mf^i  I^-  Burnett  gives  an  account  somewliat  dif- 

^^^^^^^■^  ferent  from  the  praccding.    According  to  him, 

^^^^^^  "the  nioriihological  chnngi:ji  in  llie  epcrm- 

Dmioi.m«.t<>fq;.n>..io»».        ^]j  pj.epe(jing  tliB  fomiation  of  the  spermatic 

lUamcnts  arc  identical  in  their  character  with  the  changes  in  the  ovum 
which  arc  antecedent  to  the  formation  of  the  new  being.  When  the  gen- 
erative function  begiiiti  to  be  developed,  the  character  of  the  epithelial 
cells  lining  the  tubules  is  modified.  The  celts  pass  to  a  higher  degree 
in  funt'tion,  but  do  not  undergo  any  change  in  structure,  except  a  slight 
increase  in  size  In  this  condition  they  divide  and  sulKlivide,  by  a  pro- 
cess similar  to  the  segmentalion  of  the  yolk,  until  ihey  arc  entirely  con- 
verted into  a  mullii'rry  mass.  A  liquefaction  of  the  segmented  contents 
into  a  minute  granular  blastema  then  ensues,  and  fi*om  this  the  spermatic 
filaments  arc  dcvclojxd.     In  the  Plagiostonics,  Dr.  Burnett  was  able  to 
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e  the  diwijtpftanuice  of  llic  miilhcrry  maRft,  and  its  replacement  br 
jeiilii.s  <)t'^|H'rniatic  HIamciilK,  iilthtiiigli  tlic  fxnct  metanioi'phosis  by 
Wiicli  the  granular  ccllulnr  nia»3  formed  tJie  bodies  of  the  sperm atoxotd^ 
Mold  not  be  detected.  The  speriimiic  filamciiti*,  Dr.  Burnett  llihilcs,  are 
Mtt  formed,  aa  stated  by  KolUker,  by  a  deposit  from  the  contents  of  the 
.8pcni>-cf>U  or  nucleus,  but  by  au  elougation  of  the  niicicos  itael£  The 
body  of  tbe  spcruintozoid  is  devclopt^d  from  th^  cell,  while  the  tail  is 
probably  subsequenLly  foni)i»l  by  au  aceuuiulatiuu  of  minute  particles." 
(KoUikcr,  Am.  cd.»  p.  625.) 

In  man,  tho  production  of  spermatozoa  comme-nces  between  the  four- 
teenth and  sixteenth  year,  the  tiine  of  puberty,  and  continues  uulil  ttie 
aixly-lilth  or  seveittieth,  or  even  much  longer.  This  period  of  coramence- 
jnenl  it*  marked  by  a  great  cliango  in  the  physical  and  moral  constitution. 
The  gpcTmalic  Hiiid  of  mule  animals  contains  no  spermatozoa.'  Thia 
fact  lias  been  establi.-tlii'd  in  an  interesting  manner  by  Wafi^iier  in  the  casw 
of  birds,  of  whicli  many  of  those  which  arc  domesticated  readily  cross. 
iTliere  can  be  no  doubt  that  these  bodies  are  the  essential  portion  of  the 
aid,  and  that  it  a  their  action  upon  the  ovum  which  eatablisltes  ita  fer- 
tilization. 

There  has  been  nmcb  controversy  whether  the  spermatoiwa  preaeiit 
ttmoBS  of  organizution,  pvopurly  s).)eaking.  Though  it  is  convenient  to 
designate  their  dilated  portion  as  tho  head,  and  the  filament  as  the  tail, 
it  has  never  yet  been  established  that  any  thing  answering  to  a  true 
■tractura]  arrangement  exists,  and,  upon  the  wliolc.  it  may  be  concluded 
that  the  appearances  which  have  been  by  some  supposed  to  indicate  or> 
gauization  are,  in  reality,  otdy  au  cptiud  illusion. 

2eL    Of  tlu  Germ-ctll. — In  mammals  llicfen:alo  reproductive  appora- 
his  cotisists  essentially  of  Ihe  ovaries,  oviduct,  and  uterua.       Kcni«ic  fwnf*. 
'    The  ovaries  arc  two  ovoid  bodies  situated  on  cither  sido  duriive  appa. 
of  the  ntenis.     They  consist  of  a  stroma  in  whicli  vesicles   '""*■ 
ire  imiiedded:  these  vesicles  give  origin  to  the  ova.      In  the  manner  (o 
presently  described,  the  ova.  being  reccivetl  at  tlie  fimbriated  exlrem- 
ica  of  the  Fallopian  tube?,  thoKc  tuU-s  being  therefore  appropriately 
led  oviducts,  are  carried  into  tlie  cavity  of  the  uterus. 
At  tho  time  of  puberty  in  the  human  female,  which  occurs  bolwoen 
14th  and  Ititli  vcar,  a  physical  and  moral  change  lakes  „ 
',  answering  to  lliat  which  has  been  already  alluded  to 
occurring  in  the  male.     l''rom  this  period  n  sanguinolcnt  discharge 
es  its  appearance  monthly :   tt  is  the  catamenia.     The  intc-rvnl  from 
.e  to  time  is  commonly  estimated  at  four  weeks;  it  varies,  however, 
itli  intlividualfl,  and  it  is  Raid  also  with  climates,  the  diacluurge  occurring 
In  the  hotter  moTi>  frcipicnlly,  and  in  L're^tcr  quantity.      It  is  es-^cntially 
Jood,  which  has  been  d«priv«ul  of  iin  ipmliiy  of  coagulating  by  inter* 


mixture  Triih  acid  mncitfl  of  iho  vn^na.  So  long  as  these  periods  oon 
tinue,  tlic  individual  possesses  the  reproductive  power,  the  first  Appear- 
Mioe  of  the  cntanienia  imiicaling  ihe  capacity  for  conception,  and  the  die- 
sppearance,  at  about  the  45tli  year,  its  end.  During  gestation  the  cata- 
mcnia  are  suspended,  and,  indeed*  it  is  this  event  which  is  usually  taken 
as  (he  iiulicatioii  tlmt  concc[)tion  has  occurred. 

The  periodical  occurrence  of  this  discharge  in  the  human  female,  f  Jioag]i 
more  i'rpr|ucnt,  is  cRSPntinlly  the  same  as  the  periodically  occurring  heat 
of  other  animals,  which  is  also  attended  with  a  sero-MnguinoIent  dis- 
clinrge.  In  ullicr  rcspecU,  likewise,  the  analogy  is  inainlaiiicd,  lor  in  ^ 
thoiie  aniiualrt,  the  appeuraiK-e  of  thin  diycluirge  and  its  attendant  pbe-  H 
nomena  constituting  an  indication  of  n  simultaneous  capacity  for  con- 
ception, in  women  the  same  thing  holds  g<^)od,  conception  oceurriiig  in 
then]  at  tlic  time  of  tlic  close  of  tlio.  menstrual  discliarge. 


L  Ooitm.  in  tAa  Ovary. 

The  ovary  is  the  organism  in  which  the  ova  arc  prepared,  these  bodies 
wising  in  the  following  way: 

In  the  stroma  of  the  ovary  there  occur  at  a  thne  ten,  twenty,  or  many 
■Prwliiriion  Hiorc  cells,  wliicli  have  received  ihu  dei«iguation  of  Oraatinn  vcs- 
•foi.-».  j^^,g  (jp  ovisacs.  These  originate  iji  the  interior  of  tlie  ovary. 
and,  as  they  Ijeconie  i)erfccte>l,  ])ass  to  its  surfai-c,  presenting  ihcniselvrjf 
thereupon  as  prominences  which  are  covered  over  exteriorly  with  peri- 
toneum. Each  of  these  vesicles  lias  a  incmhranous  ctivelopc  connecting 
it  Tvith  the  substance  of  the  ovary  exteriorly,  and  rnvcred  interiorly  with 
a  layer  of  nucleated  cells,  designated  memhrana  granulosa.  It  is  tille*! 
■with  fl  fluid  in  which  ranltitudes  of  granuh**  tloat,  and  in  its  centre  is  the 
ovule.  Tiiis,  as  it  becomes  mature,  is  pushed  up  toward  the  surtace  of 
the  ovisac  by  an  accumulation  of  Ii(|uid  in  the  lower  part  thereof,  and 
is  80  brought  into  close  relation  with  the  memhrana  granulosa  at  the 
place  wheiii  it  is  upon  the  surface  of  the  ovary.  At  thid  point  iJiem  col- 
lects on  the  ovum  a  zone  tif  granules,  to  whiidi  the  designation  of  discos 
proligenis  is  given. 

/'Vy.  24H,  transverse  section  through  the  ovary  of  a  woman  dead  in 
the  fifth  month  of  pregnancy :  «,  Graatian  follicle  of  inferior,  and,  6,  of 
superior  surface;  o,  peritoneal  lamella  of  ligamcntuni  lalxini,  continued 
upon  the  ovnry,  and  coalescing  wilh,  r/,  the  tunica  albuginea:  iu  the  in- 
terior two  coq>ora  albicantia  (old  corjiyra  lutcu)  are  visible;  e,  stroma  of 
iho  ovary.     (KolHkci-.) 

yit/.  249,  section  of  the  Graallan  vesicle:  1,  stroma  of  ovary,  witli 
Wood-vessels;  2,  [icritoneum:  8  and  n,  layers  of  the  exlcnial  coat  of  the 
<iraatian  vehicle;  4,  memhrana  gr.iimlo3a;  (t,  fluid  of  the  vesicle;  7,  gran- 
ular r.onc,  or  discus  prollgcrus;  8,  the  ovum.     <Von  Biir.) 
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/7j7.  250,  ovnm  of  the  sow:  IrgOTninAL  spot;  2,  germitial  vcaielc: 
3,  yolk  ;  4,  zona  j>cUu<iliIa ;  5,  dlscns  proligt^rus ;  G,  adherent  granules  or 
cells.      (Barry.) 

The  diameter  of  the  Jiuinan  ovum  varied  from  the  f|^  to  the  ^^^  of 
an  iiicJi.  It  coristKts  of  an  exterior  tniiis[»arc'nt  mcmliraiie,  niwrii.tinn  of 
the  yj'jTjj  of  an  incli  in  thi(:knc..-»i*,  whiclu  when  compressed  il""*"'""' 
for  the  parpoae  of  esaiiiirialioii.  npjjears  like  a  tlinphanouB  circle,  and  hcTKr 
called  zona  jH-Uiicida.  Within  ihis  zone,  and  incIo.sed  by  it,  is  ihr  rollc, 
a  granular  maierinl  .iiispcmlcd  in  or  intermingled  with  fluid,  t!ir  grannlen 
beingof  different  sizes;  those  near  the  pelhicid  zone  are  tlie  largest.  For 
the  nio.tt  |iarl,  tlieyolk.  consists  of  albumen  and  oil  globnlcs.  Its  condi- 
tion, as  regards  liquidity,  varies  in  dilVcrent  aiiimaU ;  in  some  it  is  al- 
most a  soft  solid,  so  that,  when  water  percolates  through  the  zona  pollu- 
Hdo,  ii  isolnteit  tlic  yolk  by  surrounding  it  on  all  aides,  and  partiti^  it  olT 
from  the  zone  Within  the  substance  of  ilio  yolk  is  a  di.'»iinct  cell,  the 
germinal  vesicle,  which  gradually  makes  its  way  from  the  interior  to  the 
place  of  peritoneal  contact.  As  it  advances  to  perfection,  it  consists  of  n 
delicate  spherical  membrAne  containing  a  lii^uid,  in  which  granules  arc 
,  lUSpendcd.     U{K>Ii  thai  |K)rtiun  of  it  nearest  to  tlie  place  of  jwritoncal 

contact  is  its  nucleus,  the  germinal 
spot,  about  the  -^^^  of  an  inch 
iu  diameter,  and  consisting  of  yel- 
low grnnrtlcs. 

J-'ig.  aiil,  diagram  of  a  Graa- 
Han  veaicle  and  o%um  :  1,  stroma 
of  ovary ;  2,  3,  external  and  tn- 
tenial  (unics  of  the  Graafian  ves- 
icle;  4,  cavity  of  vesicle;  ."i,  thick 
tunic  of  the  ovuin  or  volk-fwc ;  (l 
the  yolk ;  7,  the  germinal  vesicle ; 
8,  the  germinal  spot. 

The  most  mature  ova  are  near- 
est the  surtftcc  of  the  oi*aiy,  but 
EAeparatcd  fi-om  its  peiitoncum 


oftimMSuvMklVi 


CORFUS  tUTEm. 


0«rpualalium. 


t>^  R  thin,  fibrous  layer  of  ulroma.  The  Graafian  resiclo  is,  that- 
tore,  tlw  jjarenl  of  tlie  ovum,  reriodically,  ait  development  is  going  oil, 
the  Graafian  veHiclo  burHli^,  and  tlic  ovum  is  Bct  (me.  This  effect  ariMs. 
in  port,  from  tiic  circumstance  that,  ihc  space  bctwcon  the  vcfticla  and 
ovum  being  tilled  wilU  ccUSf  those  near  the  surface  of  thr  ovary  disap- 
pear, and  an  albuminous  liquid,  which  accumulates  below,  pushes  tbe 
ovum  up.  Tliis  cxinisinn  of  ova  occurs  even  in  childliood.  Tli^  oriMr. 
or  (iraatian  vftficlc^  thus  clutngc<l  into  a  follicle,  is  graduallv'  Bllcj  up,  iti 
wallB  imnkling,  and  red-colurctl  material,  arising  from  the  merabeBUi 
granuloifu,  U'ing  dejwsitcd  in  it  until  it  is  almost  filled. 
This  deposit  groduall}'  turns  yellow^  and  is  eventually  ooiii- 
powd  of  cells  interiorly,  and  fibres  arising  tlicrefrom  Bxteriorly.  When 
the  deposit  is  completed,  a  stellated  cicatrix  is  observed  in  its  midst. 
The  jelloir  body  thus  arising  passes  nndcr  tlie  designation  of  corpus  lu- 
toum.  If  impregnation  docs  not  occur,  the  yelloir  substance  fomu  to 
but  a  amall  extent,  and  alter  a  lime  disappears.  It  is  relatively  man 
abundant  in  animals  than  in  women.  Attempts  Itave  been  made  to  use 
the  indications  of  tlie  cor}>us  luteuiu  for  delei-tuiuing  tlio  f]n«»lion  of  prc^ 
nancy.  The  following  points  are  preaeiitod  by  [>r.  Daltun  as  oficring 
oboracteristics  by  which  the  corpora  lutea  of  pre^ancy  and  mcn.^truatioa 
itiay  be  distinguished :  "  I'he  corpus  luteuni  of  pregnancy  arrives  moie 
slowly  at  its  maximum  devtJopnient,  and  afterward  remains  for  a  loog 
time  as  a  noticeable  tumor  inste-id  of  undergoing  rapid  atrophy.  It  re- 
tains a  globular  or  only  slightly  llatleiied  I'unii,  and  gives  to  iho  touch  a 
sense  of  reaistanoe  and  solidity.  It  has  a  more  advanced  oi^ganixation 
tlian  the.  other  kind,  and  its  convolutiMl  wall  is  mucli  thicker.  Its  ctdor 
is  not  of  s(>  det:id(^l  a  yellow,  but  of  a  more  dusky  line,  and  if  the  porioti 
of  pregnancy  is  at  all  advanced,  it  is  not  found,  like  the  other,  in  com* 
[lany  with  miruplured  vesicles  in  active  process  of  development."* 

I^ir^.  St'i^,  corjiora  lulca  of  diftcreut  periods  :    a,  corpus  luEotm  tn 
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days  after  delivery  :  i.  corpus  luieiim  of  about  sixth  week  after  imprep 
nation,  showing  its  plicated  form  at  that  period;  1,  substance  of  ovary: 
%  substance  of  corpns  luf ctim ;  .'t,  grayish  coagulum  in  its  cavttv ;  d,  io 
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he  twelfth  week  after  dcliveiy.     (a  and  A,  Dr,  Patterson ;  rf,  Dr.  &Ionl- 
gunicry.) 

H.  J^ertiliztd  Ovum  in  the  Oviduct. 

Such  being  a  description  of  iLe  ordinary  or  unfertUiEcd  ovum,  we  have 
next  to  follow  the  cliaiiges  wliit;h  enauc  if  fertilization  Iuih  taktfh  jilaee. 

The  spffrmalozoa  having  become  enveloped  in  tlic  jwllucid  zone  or 
pairing  through  il,  the  ovum  is  received  by  the  Hmhriatcd  extremities 
uf  the  ruIWpian  tube,  along  which  it  is  carried  by  peristahic  contraction 
CJT  ciliary  motion.  The  lirst  change  whidi  takes  plucu  lu  it  is  the  dit^a}>- 
pcaranoe  of  its  germinal  vesiclu  and  germinal  spot.  Tliia  disappearance 
ia,  however,  stated  by  some  to  be  preceded  by  a  development  of  cells 
originating  in  tlic  nucleus  or  gcnninal  spot ;  nor  is  it  the  result  of  fcrtiJ- 
uation.  since  it  occurs  in  the  unimprcgnutcd  ovum.  Tiic  f-|,„T,.  ^.f  ,i,„ 
oelU  of  the  membrana  granulosa,  which  surrouriid  the  ovum,  ftniuirtiorum 
become  first  of  a  conical  shape,  but  their  rounded  form  is  re-  "* 
stuucd  on  passing  into  the  tube. 

^  •TR.  I'^iy.  '2,->\\,  ovarian  ovum  of  dog.  exhibiting  the 

elongated  form   and  stellate   arrangement  of  the 

cells  of  the  discus  proligerus  round  tlic  eona  pel- 

lucida. 

/Tjr.  2n4,  same  ovum  after  the  ''*■  '"* 

removal   of  most  of  the  clalv      ^ft-^P/V 

shaped  cells. 

The  yolk  is  next  observed  to 
m»rt«ii  oTBin.  contract  so  as  to  leave  a  clear 

^[tacc  between  it  and  the  zona  pcllucida.  As  the  pos- 
nge  along  the  tube  is  taking  place,  (he  zona  aaaumea 
■  coating  of  albuminous  material,  which  is  what  is  call-  otmUo  omm. 
ed  in  birds  the  white  of  the  egg.  It  eventually  becomes  the  chorion. 
Meantime,  after  the  disappearance  of  the  gcrniioal  vesicle,  a  new  cell,  the 
embryo  coll,  arines,  and  this  undergoes  subdivision  or  segmentation,  an 
eflect  in  which  the  yolk  itself  presently  becomes  involved,  each  new  or 
dooghier  embryo  cell  so  arising  assuming  a  part  of  the  yolk.  A  constant 
process  of  bisection  is  thus  established,  the  yolk  dividing  first  into  two 
portions,  then  into  four,  eight,  sixteen,  etc.,  each  division  containing  a 
nucleated  ccIL  At  this  period  may  be  seen  the  spermatozoa  involved  in 
tliQ  Eona  peltucida,  and,  as  the  process  of  bisection  goes  on,  Tb«  muiiwrrt 
the  masa  assumes  a  mulberry  aspect,  and  finally  becomes  ■■*■* 
gmnulor.  This  is,  ibr  the  most  part,  finished  by  the  time  the  ovum  en- 
ten  the  utenut. 

fitj.  255,  ova  of  the  dog  in  Tarioua  stages:  a,  from  the  oviduet,  half 
ui  inch  from  the  uterus,  spermatosoids  being  in  the  pellucid  xone,  the  yolk 
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bisecleil ;  6.  cells  of  tuiiica  graimluiui  have  (lisappearod,  and  tlie  yolk 
ID  fuuT  scgniontfi:  c,  continued  advnnrc  in  5^mentalion ;  d,  the  Komi 
h«s  become  titickcr,  and  the  segment  at  ion  more  complete;  e,  ovam  bam 
by  oomprcasion :  some  of  the  acgmcnts  have  escaped ;  each  shows  a 
bright  spot  or  vcfiiclc. 


^ 


I!- 


Fig,  250,  cleavage  of  ihe  volk  after  fecundation:  tf.  an  ovmn  of. 
caris  nigrov^noso,  the  yolk  of  which  \a  divided  into  two  equal  portiona: 
the  ujUMT  portion  contfllnii  a  rx-ll  with  a  Iarf!;e  nucleiia,  the  lower  n  sia- 
ilar  cell  with  two  small  nuclc-j ;  h,  ovum  subdivided  into  four  portioni: 
<::,  the  Hubdivision  hae  readied  sixteen,  each  possessing  a  tnono-nucleatti  j 
cell;  rf,  ovTini  of  Agtaris  acuminata,  showing  the  stages  of  siilxlivi»ion.l 
tlie  portions  becoming  very  tiinuU  ;  c,  tlie  [Kirtions  preparing  to  be  looiil'l-j 
od  into  the  young  worm,    (a^  6,  c,  Kollikcr;  d, »,  Bagg«.) 

F^  tOd. 
a  6  c  tl 


TrgmnAMon  fit  artm. 

As  the  ovum  is  about  to  enter  the  utenis,  each  portion  which  baa  artsei^ 
from  the  sej^^ienialion  of  the  yolk  has  become  a  perfect  cell.     This  cell  I 
formaliun  having  been  aecumplished  at  (be  sur&ce  of  the  yolk  first,  tl 
cells  there  begin  to  (joalcwe  into  a  membrane,  with  an  aspect  like 
of  hexagonal  pavement  epithelium,  and,  as  the  diange  passes  toward  tlti' 
centre,  the  cells,  as  they  form,  come  toward  the  membrane  and  tJiickeJi 
it,  leaving  a  clear  liquid  within.      In  tliia  manner  a  secondary  vesidcl 
forma  within  tlie  zona  peUucidu:   it  is  tlie  blaslodcrmic  vesicle :  it  ia  tfcCi 


rTERISE  NltTRrnOK. 


535 


The  rJiorion. 


temporary  Btonmch  of  the  embryo.     Its  wall  constitutes  tbe  gtTmiiiiJ 

irip-nibraiic,  upon  which  the  embryo  ames.  New  cells  being  constantly 
aililud,  till-  iiicnibrunc  hicrpancs  in  thicknc»i4 ;  and  licro  it  niay  71,0  germinal 
be  remarked  tiiat,  in  most  types,  the  yolk  is  to  be  considered  w«n"i)f*n«. 
jia  prf-aonting  two  portions — the  germ-yolk  and  the  Ibod-yolk ;  the  for- 
mer being  immcdialcly  empUnxd  in  Jtie  development  of  the  enibrj'o,  and 
Ihe  latter  being  a  stock  for  more  advancrd  snpply.  In  mammals,  for 
whom  otiicr  means  of  imtrition  are  quickly  provided,  tho  food-yolk  is  im- 
perceptible, and,  moreover,  in  tbcui  the  atbuininous  coating  of  the  zona 
pellucida  ia  small ;  but  in  birds,  the  embryo  of  which  has  to  be  nourish- 
rd  independently  of  the  parent,  tho  (juantity  ia  necessarily  lar^^e.  As  we 
liavc  said,  tbi:i  iilbuniinuus  covering  ami  the  zona  together  constitute  the 
chorion,  the  exterior  of  which  presents  a  rugged  asjjcct,  from  the  appear- 
ance of  absorbirj;  radicles,  which,  becoming  imbedded  or  dove- 
tailed in  the  deciduous  membrane,  presently  to  be  described, 
**stablu*heB  the  ncccBsary  connection  for  tuft  nutrition,  and  thereby  ob- 
taining albumen  from  the  parent. 

Til.   Fertilized  Ovum  in  Uu  UUrut. 

While  the  o^-ura  is  passing  through  the  Fallopian  tube  or  oviduct,  it 
obtains  a  coating  of  albuminous  material  outiiidc  of  its  Kona  |K>llni;ida,  as 
has  brrn  soid.  This  coating  becomes  llie  means  of  attachment  to  the 
uterus,  and  thereby  of  the  absorption  of  nutriment  in  the  following  way. 
The  outside  surface  of  tho  incipient  chorion  presents  a  layer  of  celloi 
and  soon  after  assumes  a  tibrous  structure.  In  (his  condi-  iTtFrinonutri- 
^  t\f;.  MT.  tion  the  ovum  makes  its  appearance  in  '^"• 

the  uterus,  on  tlic  interior  of  the  surface  of  which  the 
mouths  of  a  p-eat  number  of  follicles  open.  These 
follicles  are  not  unlike  those  which  the  stomach 
presents.  Thctr  general  appearance  is  illustrntcd  by 
T'Ty.  257;  c/,  ca'cal  tcrminntions  of  glands;  r,  their 
tubes;  «,  mouths  on  interior  of  uterus.  The  con- 
stitutional disturbnncc  whicli  i^  at  lhi<(  time  taking 
place,  enhanced  by  the  presence  of  tlie  ovum  in  the 
organ,  at  once  increases  its  vascularity :  the  foUicIeB 
become  larger,  cells  are  abundantly  devejopwl  in 
llicni,  and  the  uterine  cavity  is  filtr>d  with  a  lit|uid 
containing  many  nucleated  cells.  Tliis  plastic  aemi- 
flnid  material  receives  the  fringes  of  the  villous  coat 
of  the  chorion,  which  are  now  being  developed ;  and 
these  even  (ind  their  way  into  the  mouths  of  the 
-  gUndular  lubes;  from  this  exudation  or  secretion 

Di«riB«iuiM«.  the  membrana  decidua  forms,  though  by  some  it  is 
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Atrmatton  ft  repfcwted  u  being  a  inclamorpliosi*  of  the  teocoaa  nian- 
■wfnU*na  .k-  braiic  ilKclf.  Mrantiine  the  uvuiii  is  iieclf  coated  o\*er  with  a 
conesponding  mcmbranr,  tlcaignated  tnembmna  rcflcxo,  Iw^ 
cause  it  was  believed  by  .Mr.  Hunter  to  originate  in  the  circamstaooc 
that,  when  the  o^'uin  reached  the  uterine  mouth  of  tlio  fallopian  tube,  it 
thei-c  cncountcPod  the  propox  rocmbrana  dccidua,  and,  not  pcribrattnp  il. 
but  bearing  it  onward,  gatlicicd  a  fold,  corering,  or  en^-dope,  wUieh, 
from  its  liavitig  thutt  been  fomted  by  a  reBexion,  was  appropriately  do* 
ignulml  by  the  term  sjiecitied.  It  is,  however,  now  adinittiKl  tliat  thin 
deBcription  of  the  formation  of  the  oiembrana  reBexa  is  crtx}ncoii3,  for  in 
reality  ilie  o%'uai  is  at  no  tiuie  on  tlic  uttlsidc  of  the  raucous  membram. 
which  is  conliiiuoiu)  from  the  cavity  of  the  uterus  through  the  FoUopiAn 
tube.  The  following,  therefore,  seems  to  be  the  more  correct  dcscriptioa. 
The  presence  of  the  ovum  gives  rise  to  an  inercaacd  dcvejopmwil  of  celli, 
which  rapidly  spread  around  it,  and  coat  it  oil  over,  their  points  of  ori^i 
being  those  portions  of  (he  uterine  mucous  membrane  with  which  tbr 
ovum  is  in  txintact  in  this  way  it  receives  its  deciduous  envelope, 
which,  ]iartici|Kiiing  duly  in  its  growth,  is  at  tlio  end  of  the  third  m 
in  contact  with  the  uterine  dccidua  all  over. 

At  the  stage  we  are  now  considering,  tlie  nutrition  of  the  cmbrv^S 
conducted  in  a  special  but  very  temporary  way.  The  yolk  of  the  ovuni 
has  no  stock  of  tbod  to  maintain  the  nutritive  processes  beyond  the  tvid 
spat*  wliich  transpires  in  the  passage  tliroughthc  Fallopian  tube.  TIr 
duty  of  nutrition  is  at  this  moment  assumed  by  the  villous  coat  of  ibe 
chorion,  which  absorbs  fluid  exuding  from  the  uterine  dccidua  ver^' 
much  nftcT  tlie  manner  of  the  spongioles  of  a  plant;  but  almost  imni^ 
diatcly  the  neccsttiiy  arises  of  diverting  more  directly  the  ulbumcnowl 
iDaterial  to  the  quickly -growing  emlwyo  from  the  yolk-bag,  to  which  it 
would  have  gone,  and  tlds  new  destination  imptius  the  intrwluetion  of' 
new  channels  of  transport,  which,  under  thu  form  of  a  vascular  appart- 
tns,  arc  now  provided. 

About  the  close  of  the  second  month,  a  proper  vascular  apparatus  for 
„  the  combined  punioscs  of  nutrition,  sen'-rction.  and  resphatJon 

Til*  pl*c«i)ia.  ,  .  •      ■        1         1  I  .... 

niakett  its  app^tarance :  it  is  the  placenta.  Its  origin  ts  in 
the  little  blood-tubes  wliich  form  in  the  tufts  of  the  chorion,  in  man  si  fl 
one  point,  in  niminants  simultaneously  at  several,  giving  rise  in  the  fin- 
mer  cose  to  one  organ,  the  placenta,  as  has  liecn  said,  in  (he  other  ID 
many  such,  or,  at  all  events,  to  one  of  a  composite  slruciure,  the  calyl»- 
dont).  The  fcetal  ve.<>dels  thus  arising  in  tliL-  vilU  of  the  diorion  bucooR 
intermingled  with  vesoels  conteitipurancously  arising  from  tJie  utcniBt 
and  tliuugli,  in  some  cases,  this  intenningling  is  leas  complicalpd,  so  thil 
the  iTiulenml  and  fietal  {lorliuns  are  sepunihle,  in  mnn  the  inlmietting  if 
complete*  the  principle  being  1o  bring  the  ftulal  vascular  mftd  in  such  a 
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relation  with  the  maternal  blood-^lciuses,  by  the  tufts  dipping  pnnetioiH»r 
down  or  being  cnvdopp-d  therein,  that  the  (Mui[)Uiti*-si  (hiii-  U*  i>l"tiii». 
tact  and  fat-iUty  of  oxi;baiigu,  but  not  of  iiiternitxliire,  may  be  insured. 
Things  are  arranged  in  such  a  way  that  the  matcmnl  and  festal  blood  do 
not  intermingle,  each  being  contincd  in  vessels  of  its  own,  through  the  thin 
walls  of  whidi  nutritions  matter  may  juias  and  cxcreinentitious  matter  n'- 
paea-  Kveiy  foetal  tuft  haa  a  deciduous  layer  upon  it,  and  tlic  blood 
brought  by  the  curling  artcric*  of  tlie  uterus  furnishes  to  the.  foetus  its  ox- 
ygen, and  n.'cvive.'f  buck  carbonic  ucidi  with  other  excrunieiititiuus  luatlera. 
In  this  respect,  respirutton  is  carried  on  by  the  aid  of  a  inedianism  which 
aiuwera  to  the  gilla  of  tishos.  the  ninternal  artciial  blood  standing  for  the 
MS«tttd  water;  but,  besides  this,  tiio  lufis  have  another  duty  to  dis- 
cbargo — the  obtaining  of  albumenoid  material  from  the  ninternal  blood. 
Tlie  placental  mechanism  is  therefore  much  more  perfect  in  its  action 
than  the  tult  uicchunism  which  preceded  it. 

The  germinal  membrane,  fonned  as  haa  been  described,  already  ex- 
hibits at  one  spot  an  opaque  area  of  a  Foundi>!|i  shapiv  eon-  chaiwr  in  iIm- 
r.j  *t»-  sistiiig  of  cello  and  granules.     To  6<-mii'^n»ew- 

tins  the  designation  of  germinal  ,\wi\m<itUy- 
area  is  given.  At  this  area  the  *"■ 
membrane  next  bf^eomos  divisible  into  two 
laniiiue,  and  eventually  throughout  its  whole 
extent,  as  seen  in  J^iff.  258.  Of  these  lam- 
iii:e,  the  exterior,  which  is  nearer  to  the  zona 
peliucidiu  is  tlie  serous  layer.  It  is  the  raised 
membrane  of  the  figure,  and  in  it  are  to  be 
dvvclo{)ed  tlie  nervous  and  muscular  ay>itemjt 
of  the  embryo.      Thr  interior  is  designated  the  mucous  layer,  and  from 

this  arise  the  digestive  organs. 

The  germinal  areA  by  degree* 
loses  its  circular  fonn  and  become* 
oval,  its  central  portions  clearing 
oft'  and  giTing  rise  to  the  area  |jcl- 
ludda.  Around  this  the  opacity 
is  increased,  and  in  it  blood-ves- 
sels appear:  hence  to  this  dark  cir- 
rlrt  the  designation  of  area,  vascn- 
l<>>;i  is  appHed.  In  the  pcUudd 
z'>iiQ  is  next  seen  a  delicate  tine, 

the  primitive  groove,  Ti..prt».i,iv. 
J*  iff.  259.     It  occurs  frwv«  anil 
in    the    scrons    layer  ^'~^  '""'■•■ 
only,  is  wider  at  one  end  than  at 
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ihc  other,  the  wider  part  Itcing  destined  for  the  bead  of  the  crabrrti. 
On  eacli  side  of  the  iirimitive  groove  two  oval  areas  of  celts  emeipr;^ 
tbejr  are  the  dorsal  laminie.     "Vltey  rise  Dp  to  cover  in  the  primithi 
groove,  Ml  an  to  convert  it  into  a  tube,  with  ttirce  bead-like  auriltngit 
its  wider  end,  the  elements  of  the  prosencephalon,  mcaonucphaloo,  sridj 

eponcepholon,  /'V^.  2fiO.    Tlie  fx* 
plunation  of  this  and  the  preccd*! 
iiig  figure  have  already  bet-n  girrn 
on  p.  'id3.     On  the  iiiturual  put 
of  the  luniina  nervoms  matter  be- 
gins to  fomi,  the  rudiment  of  tbr 
cerebro-spinal  axis.     In  the  bot- 
tom of  the  groove  is  the  lrac^; 
chorda  dorsalis.     The  groove  it- 
nclf,  converted  into  a  tube,  coa* 
stitules  the  central  canal  of  tJiiti 
axis,  its  completion  into  tlin  ta- 
liiUar  shape  occurring  firfli  in  ifce 
niiihllo,  and  then   up  and  dovn. 
The  fonn  of  the  lateral  masses  vi- 
nes as  development  goes  on. 
A  line  of  cells  running  lengthwise  in  the  primitive  groove  is  the  orijpD 
i1wnl«itMM-  of  the  chords  dorsalis.  on  wliiuh  the  rudtmenls  of  the  vcrte- 
•unT^aK^  hral  column  appear.     In  the  aniphio.\u8  and  myxenoid  tisbtt 
vyaMD.  development  in  this  direction  stops  at  ibis  point,  tlie  cbordfel 

dorwilis  being  the  permanent  structure.  Tlie  vertebrw  now  emerge  dd- 
ilcr  the  aspect  of  square  pintes,  and  the  dorsal  lamime,  prolonging  ihenhj 
selves  outward  and  downward,  as  it  were,  by  an  oflshoot,  produce  ll 
ventral  lamina?,  which  close  in  tlif  aUtlominal  walla,  and  so  form  tlie 
Wundaries  of  the  trunk.  Simultaneously  a  new  layer  of  cells  arises  bfr 
Iween  the  serous  and  mucous  layer  of  the  genuiimt  membrane,  at  the  am 
vasculoaa,  and  in  this  intercalated  lamina  the  vascuhu:  system  forms  and 
blood  corpuscles  ap]x>ar.  capillary  vessels  arising  from  the  coalescence  o(. 
nucleated  cells,  the  touching  ends  of  which  become  [KU'vioua.  As  tl 
process  goes  forward,  a  network  of  such  vessels  is  oonsiruciej,  and  it  ii 
10  lie  ]>articidarly  remarked  that  this  takes  place  and  that  tlie  blood  is  is^ 
circulation  prior  to  the  existence  of  the  heart.  Around  the  cxicndtnf ' 
blood-vessels  or  vascular  area  runs  a  circular  capillary  called  the  temiiniJ 
itinus  in  the  first  stage  of  the  proocsfi,  but  this  disappears  as  llie  veoaell 
rxlcnd  oil  over  the  germinal  membrane.  The  extension  of  these  TCssds 
is  in  part  accompli !<]icd  by  the  cells  from  which  they  have  arisen  eloD' 
gating  themselves  into  processes. 

/"ty.  201,  first  appeanuiLC  of  blood-vessels  in  vasciilnr  layer  of  germ- 
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F>v.  «i.  ii»al  mcmbranr  of  a  fowl  at  thirty-sixtli  hour  of  in- 

cubfllion.      (Wagner.) 

The  formntion  of  vessels  from  the  coalescence 
of  nucleated  cells,  the  touching  ends  bccomitig 
pervious  or  elongating,  is  continued  to  a  mocli 
later  pcriixi  of  dcvclopiucrit,  as  is  detuonstrated  hy 
Fio-  2li2. 
Capillaiy  lymphatic  firom  the  tail  of  the  tadpole:  a, membrane;  b^ 

proccascB  formed  by  it ;  c,  re- 
maitui  of  the  contents  of  the 
cells  forming  tlwae  vessels,  in 
which  nuclei  are  concealed :  e, 
cacal  terminations  of  the  ves- 
sels ;  f,  one  of  these  termina- 
tions still  rccogriieiiblo  as  a  form- 
ative txJt ;  $r,  isolated  forraatrre 
cells  about  to  join  with  actual 
vessels,  magnified  350  diamo- 
tcrii.     (Kolliker.> 

It  is  at  this  time  that  nutri- 
tion by  cells  ceascB,  and  vascu- 
lar nutrition  commences,  as  pre- 
viously described.  The  embij-o 
has  now  become  too  large  for 
promiscuous  cell  nutririon  to  an- 
swer; moreover,  development  is 
required  to  take  place  at  differ- 
ent rates  at  isolated  and  special 
points.  The  formation  of  the 
amnion  eoincidcs  with  ih.e»(s  events. 

Tttt'  iicart  apfiears  tirt<t  as  a  canal  or  lube,  arising  tn  the  vascular 
layer  from  n  columnar  mass  of  cells,  of  which  the  inner  ones  DevrfopmBut 
have  dflirfuesccd  to  form  n   t^^K^      Thi^  then  becomes  tri-  ofihoix*"- 
cliambered,  containing  an  auricle,  a  vcntricie,  and  tlio  bnlliufi  arteriosus, 

J'ig.  263,  of  which  a  description  is 
given  on  p.  135.  Subsequently  the 
naricle  and  ventricle  ore  each  divi- 
ded by  septa,  that  in  the  ventricle 
being  commenced  about  the  fourth, 
and  finished  about  the  eighth  week. 
Tlie  aiiricnlar  septum  is  not  completed  until  after  birth. 

jF(»?.  2(i4,  page  530,  shows  the  human  heart  at  about  the  fifth  week : 
A,  the  heart  opened  on  the  abdominal  aspect ;   1,  the  bulbus  arteriosus; 
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'*•<•*  2,  2,  two  aortic  archwi,  uniting  pofteriorifj 

to  form  the  aorta :  3,  lUe  auricle :  4.  ll» 
opening  Arom  the  auricle  into  tbc  vuntntJc. 
6,  which  is  laid  open ;  £,  the  septum  hang 
from  the  lowest  port  of  the  caivity  ofthcToi- 
tricl©:  7,  the  vena  cava  interior:  B,  view 
from  behind;  1,  the  trachea;  2,  the  Ini^; 
3,  th«  ^-entride ;  4,  •>,  the  large  atrimn  tat- 
dtis  or  auricle ;  6,  the  diaphragm ;  7,  ibt 
aorta  descendena;  8.thc  pncumogastric;  9,  its  branches;  10,  itdcootbi*] 
iition.     (Von  Biir.) 

As  soon  an  tlic  capillary  Kyatcm  is  fairiy  established,  the  change  i&  i 
the  character  of  the  funclton  of  nutrition  alluded  to  is  accomplished, loitj 
in  those  animate  which  depend  for  their  development  on  a  food  yolk,  il! 
is  eventually  entirely  covered  vrith  ramificationB  of  these  vesacls.  Tin  I 
blood-cells  of  the  lirst  order  or  series  are  evolved  from  the  nuclei  flf  the] 
cells  which  coalesced  for  the  formation  of  blood-vessels. 

The  development  of  the  ciiibrj'O  still  continuing,  it  asaunies  a  fijnn 
Elvrationof  whicli  has  liocn  aptly  dcttcribed  ns  resembling  that  of  sbott] 
ilw  «nbrj-o.    placed  upido  down,  the  l>ottoin  of  the  boat  rising  higher  wJ 
higher  above  the  surfucc  of  the  germinal  meinbrnnu,  and  lilUng  villi  it] 
that  jiortion  of  tlic  membrane  to  wliich  it  is  attached.     The  two  eDfacLJ 
the  lioat-flhopcd  body  bend  under  toward  one  another;  the  larger  of  ll«| 
two  is  destined  to  beooiue  the  head  of  the  embryo.     As  this  clentiiM 
takes  place,  the  embr^'o  beeomca  separated  by  a  constricted  space  nwn 
the  Burrutmding  germinal  membrane,  its  abdominal  pnrictes  lieing  Ktill 
open  and  in  contact  with  the  yolk.     From  the  layer  which  tUui  line) 
the  interior  of  the  cavity  of  the  embTyo,  the  intestinal  canal  arises  u  *| 
tube  from  the  coalescence  of  a  pair  of  lateral  ridges,  and  the  surrouiuliDj 
and  exterior  portions  of  the  germinal  meinbnmc,  elcvnring  themself**! 
above  the  constricted  space,  coalesue  over  the  back  of  the  embryo,  iDai 
thus  inclose  it  in  a  sac     This  sac  constitutes  the  antnion^l 
and  in  this  manner,  by  folding,  the  interior  of  the  gennflMl'j 
membrane  is  used  as  a  digestive  surface,  the  outer  as  one  for  secntiHb-^ 
Tho  umbilical  cord  obtains  a  Hlicalh  from  the  amnion,  which  at  one ' 
is  continuous  witli  the  skin  of  the  foetus,  and  the  otlicr  is  reflected  i 
tho  surfacft  of  the  phiccnta.     The  amnion  therefore  constitutoa  a  cloew 
sac,  which  contains  a  6uid,  the  Uqnor  aronii. 

The  place  at  which  the  germinal  membrane  is  constricted,  BO  ttJfi\ 
able  to  act  as  a  digestive  surface  to  the  embryo,  though  Unwr  nt 
gradaolly  narrowed  down,  uid  constitutes  the  umbilicus.     Th\3  cosr 
slrictod  part  is  now  the  oniphalu-mesenteric  duct,  wliich  of  coune  to^' 
muuicatcfl  witli  tlie  cavity  of  the  yolk-oac,  which,  at  this  «tage  o(6en\- 
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'pment  in  nmmmnlin,  ik  the  umbilical  vctticle.  In  hinlfl,  the.  yolk-fuic  h 
;irric<l  coniplctcly  into  tlie  a}>domen  through  the  iimbilicAl  opening;  in 
Bamnub  it  rcniaiiis  exterior.  It  docs  not  appear  that  the  contents  of 
be  yolk  are  directly  abuorbccl  from  tlie  cavity  of  the  sac,  but  they  arc 
■nied  by  tlie  rainilying  vesmuls  to  tiie  liver.  These  veasela  are  there- 
in  oountcrparts  of  the  mesenteric  Kveotually  folds  arise  on  the  liii- 
ng  infrmbrano  of  the  yoLk-sac  over  wbiub  tlicso  vessels  pass,  and  which 
^cililate  absorption.  In  tisli,  at  this  stage,  the  yolk-hag  hangs  down, 
knd  rcBpiration  tAkcs  phicc  upon  itii  surface. 

From  the  camUl  extremity  of  the  embryo  the  allaiitois  cmcrgoa  as  a 
nass  of  cells,  of  which  the  interior  linuefy,  and  tlie  exterior  _ 
pen  constitute  a  sac  In  birds  and  in  reptiles  it  reaches 
BODsidcrablc  dcvclupinent ;  in  the  former  extending  entirely  over  the 
nlk-^ac,  hut  in  manimaU  it  i.s  soon  replaced  and  shrivelii  up.  It  dis- 
sbaz^gos  the  function  of  a  urinary  bladder,  and,  indeed,  a  purtiun  of  it 
Kmtinucfl  to  do  so  in  roan,  its  diAa]}pcarance  is  the  signal  that  the  cni- 
iryo  is  now  depending  on  the  placenta. 

To  return  now  to  the  development  of  the  circolatory  aystcm.  At 
BBBBt  the  end  of  the  eighth  week,  as  we  ha^-e  seen,  the  yen-  i>„pjop,^n| 
Hole  is  divided  by  a  tfeptum,  the  diviaion  of  tlie  auricle  not  «r  th»  cIkniIb. 
KXMiring  till  a  little  after,  and  even  then  not  being  perfect,  ^"^  »>■»'«»■ 
in  a[>crturc,  the  foranten  ovale,  cxiHting.  This  is  the  stale  of  things  at 
kbout  the  twelfth  week:  of  the  five  branchial  arches  two  disappear, 
ihc  aortic  bulb  then  divides  into  two  tabes,  which  are  to  be  the  aorta 
tnd  pulmonary  artery  respectively.  Kest,  one  of  the  branchial  arches 
l>rm$  the  subclavian  and  carotid  arteries.  Of  the  middle  pair,  the  right 
B  obliterated,  but  the  left  remains  to  constitute  the  arch  of  the  aorta. 
)f  the  lowest  pair,  the  right  forms  tlie  right  and  left  pulmonary  arteries, 
nd  the  left  constitutes  the  ductus  arteriosus. 

The  blood-systcin  having  reached  its  fiill  development,  thefcetal  circn- 
ktion  may  be  described  as  follows:  From  the  placenta  ox-  Tj,e  rwul  di^ 
dized  blood  is  brought  through  the  umbilical  vein,  a  part  '"latioo. 
lassing  into  the  ascending  cava  through  the  ductus  vcnosus,  and  the  rest 
Btto  the  liver  through  the  vena  porta;,  from  which,  by  the  hepatic  vein, 
1  also  rcaelies  the  asccTuling  cava.  In  its  passage  to  the  heart  it  be- 
loroes  adulterated  with  blood  derived  from  the  trunk  and  lowe^  extrem- 
ties.  It  next  gains  into  the  right  auricle,  and,  .to  some  extent,  is  k(^t 
ram  contamination  with  the  venous  blood  coming  through  the  descend- 
ing cava  by  means  of  the  Kustachian  valve,  which  directs  the  artcri- 
lliaeil  blood  through  tiie  foramen  ovale  into  the  left  auricJe,  trom  which 
t  gains  the  left  ventricle,  and  also  directs  the  venotifl  blood  of  the  de- 
scending cava  into  the  right  ventricle.  Tlie  blood  which  is  in  the  left 
enliiulo  is  driven  tiieieironi  intg  the  ascending  aorta,  and  supplies  the 
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bead ;  bat  the  venous  blood  which  is  in  the  ri^t  ventricle  is 
therefrom  iltrough  the  pulmonary  artery  and  ductus  artcrio:«iu  into  tin 
deaconding  nort&,  and,  mingling  with  the  arterial  blood  therein,  puM 
to  the  trunk  and  kgs.     Ot'  this  blood  a  portion  is  then  carried  to  iJr 
placenta  to  be  arterialized. 

At  the  moment  of  birth  n  change  takes  place  in  the  manner  of  tbc  a^ 
dilation,  whiuh  is  now  arranged  upon  the  ty^  described  at  page  134. 
Tliin  ia  acoompUsbed  as  described  at  page  14S. 

From  the  di'.scription  which  has  thus  been  given,  it  taar  he  ^slhend 
Thw«tv|««cf  *bftt»  op  to  tlio  period  of  birtli^  three  distinct  tj*pea  ofmrtn- 
nuiriUoji.  tion  have  been  followed.  They  may.  with  sufficient  mobi»- 
cj%  be  designated,  lat.  Yolk  nutrition :  2d.  TuJ^  nutrition ;  3d.  PlooMlil 
nutrition.  To  these  may  be  added  tlic  two  followed  at  a  later  pniod: 
4th.  Lactation,  and,  aAer  the  dental  mechanism  is  supplied,  6tfa.  Tlieiliel 
of  mature  life. 

Respecting  tbn  develoimtont  of  special  organs,  it  may  be  remarked  tbil 
The  v«ncbrai  "f  thosc  whicli  are  |)ermanen(,  the  vcrlclfral  column  is  OM  of 
ooluinii.  tJie  ^[^t  lo  appear;  it  shows  itself  under  the  form  of  isofalBl 

quadrangtdar  dements.     The  gelatinous  ecllnlar  ainictnrc,  chorda  dont- 
lift,  nrquircA  a  shrnth,  which  assumes  a  fibrous  structure,  and  fromduA 
in  the  Inwcr  vertebTate^  the  vcrtebnc  are  evolved.     In  man,  the  ele-     i 
inentary  quadrangular  plates  are  considered  to  have  an  indepeiidcal  ft' fl 
gin.     An  tliey  increase  iu  numlicr  and  size  tbey  surround  the  chuplt.  ~ 
and  projections  springing  from  their  superior  surface  form  arches  to  tt- 
vdoji  the  spinal  cord.     Kach  vextcbra,  thenfore,  is  constructed  br  tlic 
anion  of  two  pieces,  one  on  cither  side.     These  tirst  assume  the  toa^ 
tion  of  cartilage,  and,  later,  the  body  and  arches  ossily  froni  sepm'' 
points.     The  chorda  dorsalis,  which  has,  during  this  development,  bosi 
gradually  evolved  in  the  bodies  of  the  vertebree.  disnppeorsL 

The  bones  of  the  skull  are  metamorphosed  vertebra',  of  wluch,  locM^ 
ing  to  Professor  Owen,  four  appear  to  liavo  undcrgtme  ehange.  To  tlietr 
the  auditory,  gustative,  optic,  and  olfactoiy  nerves  arc  respectivdy  te-j 
lated,  in  the  same  mannej  tlmt  the  spinal  nerves  are  to  their  vntcbna 

In  the  descriptions  given  in  the  preceding  part  of  this  work,  inodeo*- 
l>evi4opni«nt   al  allusion  to  a  sufficient  extent  has  bef^n  made  to  the 
iMrforewic  op^c"^  of  most  of  the  apparatus  of  organic  and  nUo  »nii 
tuo.  life.     It  uv%y  thercibre  here  be  lirieily  slated  that  tlie  " 

mentary  caiial  originates  in  the  pinching  off  of  a  part  of  the  blastodtfo"^ 
vesicle  below  tbu  spinal  column.  At  Hrst  it  is  a  straight  tube^  vl^^ 
communicates  alwut  its  middle  with  that  vet?icle,  but  aCu-r  n  time  sbo** 
its  eventual  division  into  cesoplisgus,  stomach,  large  and  small  int 
assuming  an  oblique  position  on  the  part  to  be  occupied  by  the  attmai^' 
and  theii  cttrving  in  the  region  of  the  intestine.     From  a  port  oftiii« 
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liver  emcrgcit  as  a  tliickcucd  dG[>osit  ol' cells,  iixto  wbich  the  wall  of 
le  intcHlinu  biilgi'Ji  bo  an  to  fomi  a  kind  of  sac,  and  from  tliis  rudimont 
nmilied  etnicture  arisea,  which  at  last  rl;ol^cl^i^  from  its  plfu*  of  origin, 
id  is  connected  wltli  iJio  intcsttur  by  the  hnpatic  dnct.  TIic  coinnicnc^ 
ent  of  thin  stnicttiTC  is  aljoiit  tho  third  week,  but  it  proccrds  witli  80 
lUch  rAj'idily  llint  in  t]ic  tliinl  itiotifli  it  nearly  fills  tlio  nbdominal  cav- 
f.  Tlic  fnnctioiui  of  the  liver  at  this  jieriod  have  already  hixti  pointed 
at,  the  meconium  it  secretes  being  modlBed  bilo  (page  202).  Xu  like 
unner,  from  the  digestive  tract,  the  pancreas  and  aaliiwy  glands  ori^ 
bUb  from  niaases  of  ccllri,  ducts  licing  fonucd  fay  de.li<)ncscciiL-e  of  poiv 
within.  From  the  iilinicntary  cjuinl,  alrtfi  by  lnid(Iiii|G;  and  ddiquea- 
BBce,  the  Innga  arise,  their  cavity  communicating  at  Hmt  by  Hevci-al  aper- 
prca  with  the  phar3mx.  This  occurs  about  the  sLxth  week.  These  organs 
re  grailually  riunoved  from  the  place  of  origin,  aa  in  the  case  of  llie  liver. 
The  Wolffian  bodies  are  temporary  urinary  organs,  which  precede  the 
dnc^'s  and  evcntuaUy  disappear.     They  arc  of  an  ovoid  -11,^  WolSa 

ipe,  and  consist  of  a  duct  from  wliich  tninsverse  canala  'wi''* 
teoch  forth,  the  duct  discharging  into  the  sinus  urogonitalis.  They 
Innate  alwiut  tlic  end  of  tiio  lirst  montli,  and  commence  to  degenerate 
in  the  third.  In  ftshe<4  tlu^y  remain  as  tlic  prrmanent  urinary  apjmratus. 
f]ie  testes  or  ovariea  arise  from  the  inner  margin  of  the  Wolffian  body, 
fBc  former  being  guided  into  the  ficrotuui  by  the  giibemoculum.  Thia 
descent  commences  between  the  fourth  and  tilth  month,  and  is  completed 

r  birth  or  sliortly  after. 
.Among  the  indications  that  conception  has  occurred  are  usually  ena- 
mernted,  stoppage  of  the  menses,  tiie  placental  muimur,  tlic  indieationiar 
development  of  the  mammary  glnnd,  its  sense  of  pain  or  ten-  wn^pti*"- 
demeas,  tlie  color  of  the  areola,  tfie  turgesceiice  of  the  areola  and  nipple, 
irritability  of  the  stomach.  Quiekening,  aa  it  is  termed,  usually  occurs 
about  the  cighleentli  week,  and  ]>arturition  in  the  fortieth,  or  at  the  close 
of  2h(>  ilaye.  With  respect  to  tlm,  it  is  admitted  (tiat  the  tmu  may  be 
possibly  prolonged,  in  ^'ery  rare  canes,  by  40  days.  The  t'rcnuli  hiws  le- 
gitimatize a  child  Iwm  within  300  days  ;  and  that  such  variations  of  the 

|>cr  term  may  occur  is  proved  by  observations  made  upon  domestic 
ols,  in  which  the  duration  of  pregnancy  can  be  ascertain-  ivriodof  it«»> 

with  precision.     In  the  cow,  which  has  (lie  same  period  of   ^'■^'^ 

tation  as  the  human  female,  the  ehortetit  period  hitlierto  observed  is 
213  days,  the  longest  33fi.     The  shortest  jicriod  at  whicli  human  par^ 

ition  enn  occur,  consistent  with  the  viability  of  the  child,  appears  to 

alnut  "iH  weeks. 

The  Act  of  parturition  in  its  first  stage  is  to  be  referred  to  a  contrac- 

n  of  the  muscular  fibres  of  the  fundus  and  Wly  of  ihe  Mr.fcwiiMu  ol 
ivitli  a  synchronoua  rcUxatiou  of  those  of  the  cervix.  !«'(•"■'''«• 
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At  alatcrptriod  tho  contraction  of  the  expiratory  muscles  aBsiets.  After 
binh  is  Mccomplishctl,  the  montlifl  of  the  ntprine  vessd^  arc  cloited  throngti 
the  coiiiraction  of  the  orgwi,  the  lochinl  discharge  carrying  with  ii  tnr 
disintegrated  re«idiiefl  ol'lli«  deciduous  membrane,  and  alao  large  qiuiiti- 
ties  of  fat,  derived  prubably  from  the  degeneration  of  the  uterine  stnie- 
ture  itself. 

lliat  both  ])arent8  are  concerned  in  imparting  cbancteristics  to  &t 
TnflsniM  it  child  tlicre  can  be  no  doubt :  it  is  folly  established  where  tkr 
both  puvuu.  Qp;  of  diH'erent  raoea,  aa  white  and  black,  or  while  and  ml; 
and  equally  in  the  case  of  aiiimala,  as  in  males,  prodaced  by  the  nix- 
ttire  of  different  kinds.  It  is  scarcely  necessary  to  remark  ttiat  tliiia- 
tcnda  to  the  communication  of  more  refined  peculiarities,  the  reMfflWanof 
of  countenance,  figure,  gesture,  and  even  mental  qnalitica,  &milr  like- 
nt'ises  wliivh  we  daily  observe.  These  impressions  are  of  a  miichraflw 
profiMind  eluiraiTtcr  than  might  at  first  be  supposed,  as  is  |Mt>vcd  hj  ibr 
fact  that  the  third  generation  will  exhibit  pecidiaritacs  beJon^ng  t*  its 
progenitors,  though  fliosc  peculiarities  have  not  ocairred  in  the  steoai. 
Even  after  jwrturition  ia  over  there  slill  remains  impressed  upon  thefc* 
male  a  definite  change:  this  is  illustrated  by  the  wclUknown  canofi 
mare  which  had  Iwmc  a  colt  by  a  quagga,  her  »ul>!»cqncnt  colts  by  boisw 
being  distinctly  marked  like  the  first;  and  in  the  human  femide  o«* 
are  of  oommon  occurrence  in  which  the  offspring  of  a  widow,  who  liu 
been  married  a  second  time,  resemble  her  first  husband,  JCarriage  po- 
duces  in  thia  rettpect  a  permanent  change  in  the  female,  a  constitulioiHl 
impression  not  dtsap]>earing  in  any  length  of  time,  the  influence  of  tk" 
first  husband  nmppearing  in  the  children  of  u  Hubseqncnt  contract. 

2d.  aaiuuTiax. 
The  ascending  axis  of  a  plant  is  terminated  by  a  differentiadog  p*^ 
OonnMiion  »f  »"rrounded  by  i>roteeting  atmctures.     From  thia,  aa  gro** 
planuudanl-  tukcH  plaec,  leaves  or  their  modifications  are  produced.    T^*^ 
*'  differentiating  part  is  a  bud.     In  like  manner  may  lie  fo«^ 

iu  the  axils  of  leaves  similar  bodrs  which  pnss  by  development   i*^ 
brandies,  but  sooner  or  later  the  terminal  buds  are  checked  in  their  l^ 
gitudinal  increase  and  the  pari*  to  which  they  would  have  given  ori-i' 
spirally  being  compressed  into  circles,  a  flower  ari^*''^ 
and  further  dtvelopmeut  ceases,  the  reproductive  pl*^ 
being  now  assumed. 

Among  the  lower  animals  propagation  by  bac 
also  observed.     Thus  the  hydra  exbifaits  this  mi 
of  increase,  as  seen  in  J^'iff.  2(i5 ;  and  even  upon 
bud.t  thu.i  produced,  other  buds,  of  a  .<tecond  order' 
generation,  are  found. 
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pugation  through  the  ugency  of  buds  is  termed  gcramation.  It 
may  Iw  accomplished  cither  hy  the  iiaturiU  or  aj-titicial  gcpnration  of  the 
bads  fiwrn  the  jjarent  stock.  Thus,  in  the  hydra,  the  buds  may  spon- 
tuicously  be  separated  from  the  parmt,  and  tht^rcby  give  tim  to  Irec  in- 
dividuals, or  thry  may  be  purposely  cat  off  with  the  same  result  In 
tiie  CASt!  of  pifmts,  nrtiiicia)  reparation  is  constantly  resorted  to,  aa  in  the 
rarioad  motliods  of  budtling  and  grafting  employe<l  by  horticulturists  for 
obtaining  the  hner  varieties  of  Howcrs  or  fruits.  It  consists  jiMi«><iior 
BSBCntiuiiy  in  placing  a  bud  of  the  plant  whiah  it  is  desired  to  P"*""*- 
pro)iagato  upon  a  stm-k  of  a  different  kind,  in  sucli  a  way  that,  as  devel* 
opment  of  the  bud  or  scion  takes  plarc,  union  or  incor|)oration  witli  the 
stock  shall  occur.  There  are  many  different  ways  in  which  grafting  may 
be  performed ;  they  all  depend  for  their  anccess,  however,  upon  causing 
the  alburnum  of  tho  acion  to  coincide  with  that  of  the  stock,  so  that  the 
vessels  of  the  tbriner  may  recei^'e  clic  sap  arising  from  those  of  the  latter. 
Wlicn  tho  ports  ore  thus  adjusted,  they  are  to  be  retained  in  tlieir  posi- 
tion by  iHuiflagcs  or  other  suitable  means,  and  protected  from  lite  air  and 
lain  by  means  of  clay  or  wax.  The  most  fiuitablc  time  for  this  opera- 
tion ia  in  the  spring,  jusi  previous  to  the  rising  uf  the  aap. 

There  arc  certain  limits  witliiu  which  the  oporatifjii  uf  grafting  must 
be  performed.     The  Htock  and  the  scion  must  he  nearly  re-  Limitnifgto- 
Uled  to  each  other.     If  species  of  different  natural  orders  be  •"•^'^ 
ed  they  will  not  tako,  but  the  species  of  tlie  same  genua  may. 

If  in  this  niaiuier  we  take  a  bud,  and  graft  it  ou  a  stock  of  au  allied 
kind,  it  will  continue  to  grow  and  develop  In  tlie  same  man-  ^  ^ 
ncT  tiiat  it  mi^ht  have  done  without  detachment  firom  the  pro)i4c«daH 
parent  plant,  and  in  the  same  manner  from  the  new  plant  that  *  **'"""*"™' 
has  thus  arisen,  by  a  rcfwtition  of  the  proccHS,  plant  after  plant,  for  many 
generations,  can  be  secured.  Experience  has  taught  us  that,  whatever 
might  have  been  the  pcculiaritica  of  tlxe  original  from  which  llic  first  bud 
was  taken,  those  pecuHarities,  whetlivr  of  odor,  taste,  oolor,  or  shape,  will 
reappear  in  the  product ;  but  e:cperieuce  has  also  taught  as  that  thei-e  is 
a  limit  beyond  which  tlieae  repetitions  can  not  be  conducted.  Tho  val- 
ued fruits  and  flowers  of  tho  old  times  have  thus  disappeared.  Propaga- 
tion by  gemmation  is  therefore  considered  as  tending  to  exhaust  the  orig^ 
inal  plastic  power.  But  it  is  to  be  remarked  that,  if  from  these  artificial 
growths  Bccds  he  taken  and  cauitcd  to  genninatc,  the  plants  so  arising  no 
longer  present  the  special,  and,  perhaps,  valual  peculiarity,  but  in  many 
instances  run  back  at  once  to  the  original  and  wild  stock. 

We  are  apt  to  attach  to  propagation  by  gemmation  more  imi»ortanoo 
tiuoi  it  really  deserves  in  a  philosophical  point  of  view  when  it  thus  ap- 
pears to  have  given  riae  to  new  and  successive  •generations  of  individuals. 
But,  after  all,  wherein  doe^  it  differ  essentially  from  what  goes  on  nata> 
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ally  ?  The  manner  of  extension  of  any  given  plant  ia  by  bud  after  bod 
in  Bticc<»8ion,  ^Iher  terminal  or  axillary ;  but  tliU  extcniiion  docs  not  go 
on  indefinitely;  it  rc«c}ies  a  limit  Ixith  na  respects  size  and  durutioiL 
We  never  notlcv  in  tbe  development  of  a  bud  whidi  remains  attached  to 
its  parent  stock  the  spontoneotu  appearance  of  novel  qualities.  The 
floirers  and  IJruits  arc  like  all  the  othcri<  u]>on  tbe  same  plant  it*  such 
a  bull,  tlion,  removed  from  its  parent  scat,  be  permitted,  under  favorable 
conditions,  to  grow  elsewhere,  it  might  be  i;xj>ucted,  as  is  actually  the  case, 
that  it  would  go  on  in  its  dcvclojmient  witliuut  exhibiting  any  allemtioiu. 

Essentially  of  an  exhausting  nature,  reproduction  by  gemmation  is 
limited.  It  can  only  be  repeated  a  definite  number  of  times.  .^Vt  tbe 
most,  all  that  we  do  in  this  artificial  ])rocess  is  to  obtain  a  part  of  an  old 
mdividual  under  a  new  and  isolated  form.  We  thereby  relie%-o  such 
new  growth  from  the  chance  of  thoBc  accideutu  ■which  uioy  behill  the 
original  stock ;  but  both  for  the  one  and  for  the  other  there  is  a  dctinite 
term  of  Ulc.  When  that  terra  is  approached,  though  we  may  take  sci- 
ons or  buds,  and  treat  ihcrn  with  every  care  in  tiie  usual  operation  of 
grafting  or  budding,  the  operation  will  faih 

There  is  a  certain,  analogy  between  this  incorporation  of  the  parta  of 
different  planta  and  the  so-called  gi-afting  or  TaHflcotian  operations  wluch 
arc  flomctimca  performed  on  the  ])arta  of  animals,  as  the  trangplantati<H) 
of  the  spur  of  one  bird  on  the  top  of  the  comb  of  another,  or  many  of  the 
plastic  0|>crations  of  surgciy ;  but  these  parts  da  not  noccflsarily  ]»crish 
in  tlie  manner  which  luut  been  indicated  by  Butler  in  liis  Hudibras. 

Propagation  by  gemmation  and  reproduction  by  generation  nre,  in 
many  instancea  in  tlic  animal  series,  resorted  to  alternately  for  the  con- 
tinuation of  the  race.  Thus,  during  the  summer  season,  propagation  by 
gemmation  may  serve  to  increase  the  numlwr  of  a  given  kind,  hut  if  these 
should  be  unable  to  maintain  themselves  during  the  cold  of  winter,  the 
race  would  inevitably  become  extinct,  unless  reproduction  by  ova  were 
resorted  to;  for  though  the  developed  animal  may  not  be  aUe  to  wilh> 
iiniuMiM!  of  stand  tlic  declijie  of  temperature,  the  ova  may.  Thus,  in 
Iponi^Jn^u.*"  *  hydra,  propgation  by  gemmation  continues  until  the  cx- 
somHiatiun.  tenial  tenipcTuture  lowers  to  a  certain  degree,  and  that  at 
once  brings  on  a  reversion  to  the  other  process.  The  same  thing  has 
been  ohae-rvcd  in  the  case  of  the  aphis,  which  mtUtipliea  by  gemmation 
until  there  is  a  reduction  of  temperature,  and  then  it  multiplies  by  genera 
ation.  Wc  liave  already  dwelt  at  length  on  the  control  which  octemal 
circumstances  liavc  over  development;  it  is, therefore,  no  more  than  might 
be  expected  that  they  should,  in  like  maimer,  detormiuo  the  pruceascs  of 
propagation  and  reproduction. 

(ieinmatioi]  occurs  only  in  a  \ery  donbthil  way  and  under  spocial  cur^ 
cmnstanocs  among  the  more  advanced  members  of  the  animal  scries.     In 
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mail,  tli«re  is  reason  to  suppose  that  gemmatton  can  onlj  take  place  in 
the  earliest  pchoda  of  existence,  porluips  at  tlie  epoch  of  the  Ibnuation  of 
the  mulberry  iiiasa.  Ujion  tlik  principle  au  explanation  of  the  occur- 
Tonce  of  double  monaters  has  been  given. 


Sl>.  ALIKBXATIOX  or  CB]fEJUT105». 


■      It  haa  been  alrently  explained  timt  by  tliis  phraac  ia  meant  that  a  pa- 
rent plant  or  animal  will  give  origin  to  a  fomi  wholly  nnlilce   .  j,  _  „ 
itaelfi  anti  this  fynu,  perhaps  after  the  lapse  of  vears,  will  ra«iloii  luid 

»give  origin  to  another  unlike  itpvlt",  but  similar  to  the  original  "•ncrwion. 
progenitor.     Thus  the  Halpa-  pnstent  themselves  under  two  diflerent  aa- 
pecta,  the  aolitary  and  the  agjpregatcd,  the  latter  being  produced  (mm  tlie 
dynnct  by  being  budded  off  in  an  internal  stolon,  the  individuals  being 
united  to  one  another  in  an  Aggregation  or  chain  after  they  have  been 
separated  from  the  parent.     These  aggregated  salpie  alone  have  sexual 
oigaaa  and  produce  ova.     I'rom  each  ovum  a  solitary  aalpa  arises,  which 
repeals  the  process  described  agahi.     The  sohlary  sa]|>a,  therefore,  niul- 
tiplies  by  gcnmiatton,  the  aggregate  by  generation.     Xor  is  thia  process 
amfinod  to  auimaL* ;  it  is  also  observed  in  the  eaao  of  plants.     Thus, 
in  ferns,  the  t>paru  produces  the  prothallium,  which  becomes  a  dialinct  or- 
M  ganism,  separated  ^om  ita  parent,  and  carrying  on  its  nutritive  proccssGs 
Hitide{>endently  for  itself.     From  it  arises  by  generation  a  fern  like  the 
H  original,  which,  like  it,  by  genunation,  produces  prothallia,  but  never 
"  ilireclly  produces  a  ftJn.      Therefore  between  eac)»  fern  and  ita  descend- 
ant a  prothallium  interveuca,  the  prothallium  arising  by  geinniation  from 
ihc  leru,  and  a  fern  arising  by  generation  from  the  prothollinni. 

After  a  cojcfiil  examination  of  ,Stecnatnip'H  doctrine  of  alleniations  of 
eneration,  Dr.  Cariicntcr  concludes  that  it  can  not  be  le-  ^  , 
ived  in  the  form  originally  presented,  since  we  should  r&-  of  aiivRiaiioiu 
a  generation  as  embracing  the  entire  product  from  gen-  <>'«•'**""'»• 
ive  act  to  act.  Indevd,  the  intermediate  fonu«  arc  often  nothing 
more  than  sexual  organs,  furnished  or  not  with  an  apparatus  of  locomo- 
tion, or,  in  the  more  eompli(aited  eascR,  having  a  mechanism  of  nutrition 
attAchcd  suifitiient  for  tlicir  puqiose.  Ttie  corrcclncas  of  lliis  intcri)rcta- 
tion  may  Ixt  illustrated  by  such  cases  as  the  development  of  medusa  buds, 
w-hicb,  being  tirst  attached  to  the  parent,  gradually  exhibit  the  funuatioQ 
of  an  indc|Xrndent  digestive  apparatus,  and  wiicn  this  has  reached  a  eei> 
lain  degree  of  perl'ection,  they  are  separated  and  swim  off,  generative  or- 
gans then  arising  in  tliese  haiXs  by  wliich  true  ova  arc  formed.  In  the 
Seutularida!  buds  are  developed  in  ovarian  capsules,  imd  these  reproduce 
in  their  Jum  ova  by  generation.  The  rate  at  which  gemmation  goes  on 
in  many  of  these  instances  is  obviously  connected  with  phyaical  condi- 
.t3ons,  more  |>articularly  the  degree  of  tem|)eraturc  and  the  supply  of  fo 
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Tlie  fact  of  the  apparent  iJissimilarity  between  tbe  product  of  genu 
tion  and  the  proi3uct  of  generation  ceases  to  hare  any  force  as  soon  as^ 
we  consider  the  f(>rmcr  in  the  attitude  which  it  really  ought  to  occupjr* 
as  not  coiistilutiug  a  disCiDct  individual,  but  mcjcly  a  |iart,  a  derivatirc. 
or  iin  apjiciKlix  of  the  product  of  generation ;  and  this  view  of  I>r-  Car- 
penter's Bceins,  thercforB,  to  be  the  projicr  inlerpretation  of  the  whole  ca»e. 
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In  i1ic!  IhrI  cluipler  the  succtwsivo  aiages  of  cnibrj-onic  dcvclopraenl 
were  described.  It  was  shown  that  at  one  period  nutrition  is  solely  at 
the  exj>cu8C  of  the  yolk  of  the  ovum,  which  is  appropriated  by  a  simple 
suiface-imbibition ;  and  that  tliis,  in  due  time,  is  succeeded  by  what  has 
been  designated  tuft  nutrition.  At  a  later  period,  this  mode,  in  its  lum, 
is  replaced  by  another,  depending  on  a  vascular  urrangenieiit,  the  pl»- 
Iiibnc7«r  centu.  For  a  conHidcmble  ]>oriod  after  biith  a  fourth  t^yiiitem  ia 
"**"-  relied  on,  nourishment  by  milk ;  and  it  is  only  by  degrees,  when 
the  necessary  changes  have  been  made  in  the  digestive  mechanism,  the 
teeth  being  cut,  that  the  final  mode  of  nutrition  is  assumed.  Even  after 
this  the  human  infant  leads  a  dependent  life,  because  of  its  own  weak- 
ness and  imbecility,  irrespectively  of  any  peculiarities  of  our  social  state 
So  far,  therefore,  from  man  not  exhibiting  tliose  melamorpboses  which 
arc  undergone  by  the  lower  members  of  the  aniuml  series,  he  of  all  dis- 
plays them  in  the  most  marked  way,  for  lliey  do  not  cease  at  the  period 
of  birth,  but  R-ach  through  many  subsecjuent  years — a  gradual  deveIo|v 
ment  of  the  body,  attcndetl  by  a  gradual  cliange  in  tJie  mauifeslutions  of 
ihc  mind. 

At  birth,  the  human  infant  is  the  very  representative  of  weakness  and 
imbecility.  Though,  unlike  many  other  mammals,  it  opens  its  eyes  at 
once,  it  exhibits  no  token  of  visual  perceptions ;  tliou^  it  may  be  snb- 
jected  to  sounds  or  noises  of  various  kinds,  it  takes  no  notice  whatever 
of  them.  This  condition  of  inertness  is  followed  by  a  condition  of  cou- 
fuBctl  sensation,  which  by  dcgreea  is  succeeded  by  a  capabihty  of  op- 
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piociating  ftpcial  idftoa.  BufTon  lias  very  truly  said  that  the  earliest 
period  of  conscious  existence  is  a  ncc.nc  of  ]>ain,  tlie  life  of  the  infnnt  be- 
ing divide^l  between  i>li'0]>  und  crying;  fi?om  its  ulumbers  it  is  awakened 
tnily  by  tlic  imins  of  Imngor ;  nor  is  it  until  atVcr  the  Lipsr  of  many  days, 
6r  wen  wcvks,  that  tho  first  smile  is  seen.  It  ia  too  foi'blc  to  turn  from 
tide  to  side,  but  rciiiaiiis  in  the  position  in  vrtiicli  it  was  placed.  Its 
whicli  at  birth  was  covered  over  ^vith  a  vrlitlish  incrustatton,  the 
'vcmix  cascoso,  becomes  reddish,  the  depth  of  this  tint,  however,  shortly 
ssing  away.  At  this  periinl,  inowover,  life  ia  purely  vegetative,  tlie  in- 
t  feeding  and  sleeping.  The  hiliarj-  nmttcr,  meconium,  which  liad  ao- 
lUmuIflted  in  its  intestine  during  fcctal  life,  ia  diffL-harginl  in  the  course  of 
day  or  go  after  birth,  and  the  digestive  appamttis  enters  on  ita  lanctions 
ith  acti^-ity. 

It  is  said  that  the  infant  smiles  soon  aAer  !t  is  forty  d»ya  old ;  though 
bt  can  cry  it  can  not  Blti-d  tears.     Itctbro  long  it  gives  Indications  uf  its 
■atisfadions  and  difiliki'.'^.     The  [lower  of  moving  in  an  erect  {lostoro  is 
Entned  by  it  in  the  course  of  a  year,  and  by  the  close  of  that  lime  it  can 
maslicatc.      Of  ita  tocth,  the  central  incisors  appear  about  the 
beventh  month,  those  of  the  lower  jaw  first;  the  hit(T.tI  incisors 
ibont  the  ciglit  or  tcntli,  tlio  anterior  molars  nhout  the  twelfth,  and  the  ca- 
ijiea  alwut  the  eighteenth,  the  posterior  molars  Iwing  cut  between  llia( 
le  and  three  years.    The  average  date  of  tlio  appearance  of  the  peniia- 
it  teeth  is,  the  front  molars  about  the  seventh  year ;  middle  inctgors, 
ightli;  lateTaIinciaor»,  ninth;  anterior  bicuspids. tenth;  second  bicuspids, 
klerenth;  cjinine-s  twelfth  to  thiriwiith;  second  mohirs,  twelfth  to  foor- 
lecnth;  and  the  Inst  molars  from  the  Bcvcntecnth  to  the  twcnty-tirst  year. 
r    The  [)Owit  of  articulate  sjiccch  is  displayed  within  twelve  or  fifteen 
onths.  some  letters  l^eing  more  caailv  gained  than  others;  among 
icmart;A,B,r,M.  ^^"^- 

From  hciioeforth  the  mind  emerges  with  rapidity  from  tlio  confusion 
a  muUiiude  o(  impressions,  and  learns  to  eonoentrate  itself  ^,     ,       . 
pleasure  upon  one.    TIiik  eujialiility  of  mental  abstraction  of  the  au<.-n. 
a  process  of  siweialization,  and  is  a  manifestation  of  the  "*""" 
,w  of  Von  Itiir.    The  inteilixlual  diflcrcnee  which  wc  eventually  observe 
tween  one  man  and  another  is,  to  no  inconsiderable  degree,  dependent 
:pon  such  an  ability  of  concentrating  thought.     He  who  conceives  of  a 
ing  distuictly  is  very  likely  to  express  himself  of  it  clearly. 
Throughout  infancy  and  childhood,  the  features,  and  even  the  gi\<;tures, 
Sndieate  the, profound  constitutional  changes  which  arc  going  on.     The 
ioountcuance,  instead  of  expressing  pleasure  and  pain  in  the  aggregate  by 
■miling  or  crying,  as  was  the  case  at  first,  gains  the  faculty  of  rcpreacnt- 
ang  every  grade  of  fwling.     Ijong  before  maturity  is  reached  we  read 
[Without  difficulty  the  thoughts  which  are  passing  in  the  mitid  from  the 
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movemonts  of  the  Up  or  the  eye,  nnd  the  painter  can  expreBS  ever^*  slu^ 
of  foeling,  and  erery  emotioii,  by  the  mere  oootigontion  of  the  outward 
form. 

The  monthly  growth  of  the  fu^tus  for  six  months  before  birth  a  es- 
UaalrsEth  tAblished  at  two  inches.  At  birth,  tho  mean  length  of  Iboys 
or  tu  infant,  jg  jy^  iuchca,  and  of  ^Is  18^  iuuhcs,  the  former  Ixing  thtn- 
tore  a  little  the  longer. 

At  sixteen  or  seventeen  years  the  growth  of  girU  tg  relatively  aa  tai 
(trowih  orbara  advanced  as  that  of  youtlis  of  eighl«ea  ur  nbieteen. 
uul  girU.  the  most  ]>art,  the  inliabitants  of  towns  are  tallvx  tliao  thoM 
of  the  country.  The  full  height  ia  not  reached,  in  some  intttaiioes,  until 
twenty-five  years ;  in  vnry  warm  and  very  oold  climates  it  is  more  iitucic- 
ly  attained.  The  recumbent  {wsition  is  n^anlcd  as  being  favorable  to 
growth,  and,  influenced  by  his  own  weight,  an  individual  is  shorter  ax 
the  eventing  than  when  he  first  rises  from  bed  in  tlie  morning. 

With  regard  to  tlie  rate  of  growth,  it  may  be  observed  that  it  is  most 
rapid  immediately  after  birth,  and  continually  diiuinishcs  until  about  &\t 
ycara,  tho  epoch  of  maximum  of  )jrobablc  life.  It  then  remains  equaliIo| 
to  about  sixteen  years,  the  annaiU  growth  being  2|  inches.  After  pa-1 
bcrty  it  declines,  being,  from  sixteen  to  seventeen  years,  1  {  incbits^  and 
during  the  next  two  1  inch  only.  Tho  annual  increment  relatively  to 
the  height  thtn  attained  continually  diminishes  from  birth.  The  ftrtua 
grows  as  much  in  length  in  a  month  as  the  child  from  U  to  16  years 
docs  in  a  year.  The  limits  of  gn)\rth  of  the  two  sexes  are  unequal,  be- 
cause women  arc  smaller  than  men.  terminate  their  growth  sooner,  and 
annually  grow  less.  Individuals  in  affluent  circumstances  may 
snrpass  the  stsndard  height,  but  misery  and  fatigue  arc  liable  to  prods 
the  opposite  effect.  Longevity  is  generally  less  for  persona  of 
height. 

As  to  tho  maximum  and  minimum  of  height,  it  may  be  remarked  tl 
y    .  .  FrtHlchck  the  i^ireat  had  a  Swedish  body-guard  whose  height 

iniainiifli         was  eight  foet  three  inches ;  and,  on  the  other  hand,  Bi 
htighi  »f  iB&a.  gj^jgg  jIjjj^  j|j^.j^  ^^g  ^^^  individual,  37  years  old,  wbosej 

height  was  sixteen  inches.     In  view  of  these  nnd  other  such 
Qnetelet  fixca  on  8  foct  B  inches  as  the  maximum,  and  1  foot  5  mt 
as  the  minimnnt  of  height ;  he  gives  as  tho  mean  h  feet  4  inclies.     HalfJ 
the  men  of  France,  a(  the  age  of  conscription,  are  between  5  fwt  2  ioohe*^ 
and  5  (bet  i>  inches,  but  tho  wars  incident  on  the  great  fievolution  mada 
u  jKTmancnt  iniprt^ssion  on  the  French  in  this  respect  by  Ipwering  thei 
standard  tlicoogh  tho  consumption  of  tliu  taller  men.     ALijuetelet  more- 
over remarks,  that  in  ten  milliona  of  men  there  la  but  one  mote  than  6 
feet  8  inches,  nnd  one  less  than  4  feet.     TIjcre  is  reason,  however,  to  ho- 
lieve  that  this  statement  will  not  hold  good  of  .America. 
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As  regardfl  weight,  new-bom  boys  are  lieavicr  than  girlit.  An  average 
takeu  from  20.UO0  };ivc?t  Oi  Iba.  as  the  weight  at  birth;  the  Wciictiiot 
maxiina  anil  minima  have  been  10^  Iba.  and  2}  lbs.  For  about  '■^^'■*- 
a  week  aftex  birtli  tho  weight  diminishes,  owing  to  the  uticct  of  uertat 
respitBlion.  The  difference  in  wci^t  between  the  two  sexes  gradually 
diminiAhes  nntil  about  the  twelfth  year,  when  an  cqaality  is  reached. 
The  maxinmin  weight  is  attained  alwiit  40,  and  a-s  fi()  ia  np-  y,•^^^^  ^i  ^f. 
proachcd  a  diminution  is  perceived,  which  reaches  12  lbs.  remni  i«riaib 
at  about  aO  years,  the  stature  likewise  correa^oudiDgly  di-  " 
minishing  by  about  2}  inches ;  the  temale  ruaehea  her  maximum  weight 
somewhat  later,  at  about  jO  years.  The  extreme  limits  of  weight  In 
Imen  are  108  lbs.  and  21()  lbs. ;  in  women,  87^  lbs.  and  200^  lbs.  The 
mean  weight  at  nineteen  is  nefirly  that  of  old  age  in  both  Bcxca.  At  (all 
development  tlie  male  and  female  weigh  almost  exactly  20  timc8  as  much 
as  at  birth.  In  the  first  year  the  infant  of  both  sexes  triples  its  weight. 
It  requires  six  years  more  to  double  that,  and  thirteen  to  quadruple  tt> 
Immediately  after  puberty  botli  sexca  have  lialf  their  ultimate  weight 
Between  Uie  agcA  of  2o  aud  40  the  mean  weight  of  the  male  Is  130^  lbs.* 
and  of  the  female  12UJ  Iba. 

With  rcsjject  to  the  relation  between  weight  and  height,  if  man  increased 
eqmkUy  in  oU  his  dimensions,  the  wdght  would  be  as  tlie  cube  R,i,.i™-f 
of  the  height ;  but  since  this  is  not  eo,  development  taking  place  i>*^k)ii  •'^ 
unequally,  the  proportion  is  not  observed,  and  it  is  found  that  "'"^ 
from  the  end  of  the  finst  year  tu  puberty  the  wetgfata  arc  as  tJie  squares 
of  the  heights.  M.  Quetelet  gives  as  an  approximate  rule  that  during 
development  tlie  squares  of  the  weights  at  different  agi^s  arc  as  the  fifth 
power  of  the  heights,  the  tranavcr^  growth  being  Icita  tlian  the  gronth 
in  height.  The  mean  weight  of  a  nude,  without  reference  to  age,  is  103) 
lbs. ;  of  a  female,  1)3}.  A  similar  calculation  for  the  population  of  tha 
United  States  as  that  which  has  been  given  by  this  philosopher  for  Bni»- 
•ds  would  give  for  the  lotul  weiglit  of  all  Ameiicans  two  tbooaand  six 
hundred  and  tliirteen  millions  of  pounds. 

The  weight  of  an  individual,  considered  without  refcrenoe  to  age  or 
sex,  in  9Mi  lbs. 

From  birth  until  puberty  the  mode  of  life  is  essentially  regetatire,  all 
the  instincts  having  rciaiion  to  the  individual  and  corporeal  development 
Except  tlirongh  the  intervention  of  education,  the  desires  of  the  child  are 
cliieily  directed  to  the  pleasures  of  mere  vegetative  existence,  eating  ami 
drinking;  and  tllis,  in  savage  racea,  'n  witnessed  in  a  much  luoro  mark- 
ed maimer  than  in  those  that  are  civilised,  iu  whom  the  manner  of  life  is 
affected  tlunough  the  inter\'untion  of  parcnfal  care.  In  this  particidor  it 
may  be  remarked  tliat  maternal  love  is  divisible  into  on  in-  M,ui-n*i  l«>v» 

ictive  and  a  moral  olTedion,  the  tbrmor  of  a  lower  and  rfi^uWuiU. 
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more  animal  kind,  tlic  latter  of  a  higher  and  intellectual ;  the  former  I 
ttcd  to  tliu  |H>-ri(Kl  ot'intaniile  hel|iK--ssiifs.<(  and  dejicTidcnce,  and  suecud- 
ed  by  the  latter  as  maturcr  years  arc  attained.  In  savage  tbcco,  hcnrer- 
er,  inritinctive  aflcctiou  acenis  alone  to  exist,  and  the  intensity  of  monl 
aflection  is,  to  a  certain  extent,  a  measure  of  civilization.  Tlirtnigfaoat 
Cbancurof  ^®  *"^'  fii'teen  years  of  life,  witli  the  gradual  de^'elopineat 
thi  lift  qTcIiU-  of  the  body  there  is  also  a  steady  intellectual  progress,  tbc 
guns  of  whicli  secin  to  bo  greatir^t  at  the  cArlicr  periods,  and 
less  and  less  marked  as  maturity  is  approached.  When  we  recall  tbej 
wonderful  advance  accomplished  in  the  6rst  years,  cmbmcing  the  acquH 
sitiou  of  speech,  and  a  knowledge  of  the  nature  and  qualities  of  a  thot»-| 
sand  »uiT0Di)dtng  objects,  wc  might  be  led  to  suppose  tliat  our  mental 
acr|aUition8  declino  with  the  progress  of  life;  but  lliis  is  altogctlier  dc- 
oeplivc ;  for,  though  the  acquiremcnta  of  later  years  bo  less  obviooa,  ifaey 
are  none  the  leas  important  and  none  the  less  profound. 

Through  the  ancccMtivc  changc:s  to  which  allusion  has  now  been  made, 
Tticmiuurii/  each  of  which  is  a  sliict  raetamorjihosts,  and  each  of  wliicK, 
of  man.  ^\(\^  [(3  special  structures,  haa  its  special  functions,  luan  at  U*t ' 

reaches  maturity.     In  some  cases,  as  we  hare  seen,  the  stature  contin- 
ues increasing  until  after  the  twenty-fifth  ye.ir,  and  throughout  the  whole 
mature  period,  even  after  what  has  been  termed  the  meridian  of  lite  is 
gained,  tlie  weight  also  becomes  gnMivr.     This  increase  of  weight,  how- 
ever, has  not  so  much  n  relation  to  the  muscular  as  to  the  respiratory  sys- 
tem, for  the  former  reaches  its  perfection  at  a  much  earlier  date,  the  in-, 
creasing  development  of  the  middle  period  of  life  being  due  to  a  continodl 
tendency  to  the  accumulation  of  fat.     At  this  period,  moreover,  the  objectj 
of  life  has  undergone  au  entire  change ;  the  vegetative  propensity,  or  that  1 
for  the  exclusive  development  of  tlie  individual,  has  declined  in  prom- 
linencc,  and  the  reproductive  has  been  assumed.     With  this  there  have 
been  awakened  new  sentiments  and  new  emotions,  aflbrding  still  another 
corToI)omtive  proof  of  the  connection  of  mental  habitudes  and  structural 
condition.     Tlie  psychical  powers  arc  now  advancing  toward  maturity,  i 
an  advance  which  they  continue  to  make  until  about  the  tiitieth  >-var,J 
Throughout  tliis  whole  period,  and  even  at  this  extreme  date,  we  stilll 
ooticc  how  much  intellectual  capacity  is  connected  with  the  perfection  of 
corporeal  development.      It  needs  but  a  little  experience  lor  us  lo  de- 
lermiue  at  a  glance  the  intelligent  from  the  obtnse^  and  to  read  even  the] 
minor  shades  of  character  in  the  aa|MM;t  of  the  face.     Without  beinf^ 
aware  of  it,  we  are  constantly  patting  into  requisition  the  principles  of 
phrcnolog)'  and  p]iy.tiognomy,  and  drawing  conclusions  rcjtpcciing  char- 
acter to  a  certain  degree  correct,  from  the  cxproasion  of  the  eyes,  the  lin- 
eaments of  the  countenance,  or  the  contiguvation  of  the  head. 

The  actions  of  man  are  closely  cguncctcd  with  the  physical  and  moral 
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drciimstanc«3  under  which  he  is  placed.  The  greatest  nam-  ^^^  ^^^^ 
ber  of  crimes  against  persons  and  property  is  among  the  liihab-  lo  crime  Ld 
itaniB  of  rivcx-banks.  The  pfjioil  oflliu  masitnum  (if  crinios  "'*'*■ 
against  porsotis  coincides  with  that  which  is  the  minitnum  against  prop- 
erty, and  ia  the  sumnur  senaon.  As  respects  each  indiWdaal,  his  tcnd- 
ency  to  crime  is  at  lint  ogoinst  property,  and  ihiA  reaches  ita  maximum 
at  about  25  years  of  age,  whereas  the  tendency  to  crime  ngainst  pcraons 
commences  later  than  that  against  property,  and  increafses  with  the  in- 
crease of  strength.  lu  crime,  man,  as  he  growH  okler,  substitutes  stratar 
gem  for  force.  If  brought  up  in  a  iibenJ  profession,  his  tendency  in 
crime  is  again!(t  jH^rsons,  but  that  of  the  workman  is  against  property. 
Elementary  instruction,  so  iar  as  reading  and  writing  go,  does  not  lead 
to  the  diminution,  but  rather  to  the  increase  of  crime:  a  very  p^^^^^ 
important  conclusion,  more  particularly  in  the  United  States,  fffi  nf  Uw  vA- 
in  many  portions  of  which  this  kind  of  education  is  chiefly  ''™"'"'- 
patronized  by  goveinracut,  to  the  exclusion,  to  a  certain  extent,  of  that 
which  is  of  a  higiicr  grade,  and  wliicU  scJ^'cs  to  corroet  this  important 
defect.  Moreover,  su|>crfici&l  education  [ii;ikos  the  mind  a  ready  reccf}- 
tacle  for  every  kind  of  imposture^  and  hti:{  bfien  the  cause  of  the  r»[u<l 
spread  of  many  modem  delusiDiiii,  such  as  spiritualism  and  homtropathy. 
Afl  regards  women,  their  tendency  to  crime,  when  eomporcd  with  that 
of  men,  is  as  23  to  100;  at  least  thia  is  the  case  in  France.  _   .    . 

mi    ■  I  <•        I  ■  <•      ■  Till?  t»n>l«Bey 

Their  tendency  for  the  peqrutration  of  crimes  agauist  ])ersons  to  crime  in 
i«  less  than  that  for  crimes  against  property  in  the  proper-  **'"*■"■ 
tion  of  16  to  26,  It  is  inlcrc&ting  to  obserro  that  the  physical  forco  of 
voman,  as  compared  with  that  of  man,  ia  also  as  16  to  26.  From  such 
eonsidemtions,  it  may  therefore,  perhaps,  be  concluded  that  the  moralitv 
of  women  is  about  the  »ame  as  that  of  men,  their  physical  feebleness  and 
modesty  being  taken  into  account.  In  woman,  the  maximum  tendenc}** 
for  crime  occurs  at  about  30  years,  bat  then  she  n;lin<juishea  tliat  dispo- 
sition sooner  than  man.  llcr  tendency  to  theft,  however,  begins  early, 
and  lasts  through  life.  AMipji  she  desires  to  commit  murder,  she  em- 
|Joys.  by  preference,  poison.  In  this  may  be  discemefl  the  influenee  of 
her  const itutional  element,  physical  feebleness.  Tirni<l  at  cxpIoHJons  and 
at  the  sight  of  blood,  if  driven  to  the  extremity  of  self-destruction,  glic 
instinctively  resorts  to  drowning.  Women,  like  men,  who  are  the  res- 
idents of  towns,  axe  much  less  moral  than  those  who  Uvo  in  the  c*ouiitry. 
This  may  bo  inferred  Irum  such  facts  as  that  tlie  annual  percentage  of 
l-births  occurring  in  the  former  is  very  near  double  of  that  occurring 
the  tatter  case ;  and  though  this  may  be,  to  a  certain  cstent,  connect- 
ed with  tlic  fashionable  rci^traints  of  clothing  and  social  diftsi patio na,  it 
is  far  more  due  to  female  depr.ivity.  The  illegitimate  births  of  towns 
compared  with  those  of  the  country  are  as  23  to  7.     Among  the  still- 
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boniT  the  illegitimates  are  to  the  IcgitimottiB  sb  5  to  3.     In  the  dty 
Berlin,  the  iU<^tiitmte  stUl-birtlu  are  to  the  I«;^tiiDat«  in  as  high  a  pro- 
portioD  as  3  to  1. 

llie  paasions  of  man  are  gratiiied  in  a  manner  that  floenu  to  be  inde-^ 
petidcnt  of  religious  profcsfiioii.     The  open  diflHolutcnoas  of  one  coanUir' 
is  counterpoised  by  the  s(!cret  (rime  of  another.     Protestant  Knghuid 
and  (^thohc  FnmoQ  exhibit  a  striking  illustration.     In  the  fonnort 
1645,  the  number  of  illcgitiniateR  was  70  per  thousand  of  the  whole  num- ' 
ber  of  cliildren  bom.     In  Fraaice  it  waa  about  71. 

Danng  the  process  of  the  dtrv-olopmeiit  of  the  intellect  of  man,  varioiu 
flwjcsMioa  of  psy*^hical  persuasions  in  succession  ariife,  which  are  fmjncnt- 
T^t^UmI  ftr-  \y  imputed  to  education  or  tradition,  but  of  wliich  the  origin 
ia  undoubtedly  lo  bo  traced  to  the  oi^ganization.  Those  gen- 
eml  ideas  that  are  found  all  over  the  world,  among  all  races  of  mankind, 
whatever  may  be  the  climate  In  which  they  live,  their  social  condition, 
or  religious  opiiuons — ideas  of  what  is  good  and  evil,  of  virtue,  of 
effieacy  of  penance  and  of  prayer,  of  rewards  and  punishments,  and  of ' 
another  world :  these,  from  tho  uniformity  of  their  existence  in  ail  igBi 
ami  in  all  plaoea,  mnst  be  imputed  to  the  stamp  that  has  been  put  upon 
our  ci.'rcbml  organisation.  In  tho  same  light  we  must  view,  as  Dr.  I'ricl 
an)  has  said,  the  delusions  and  fictions  wliich  arc  nniveisal,  such 
I^MHts  and  genii,  giants  and  pigmies.  Universal  opinions  arc  not  ll 
result  of  accident,  nor  always  of  tradition.  They  are  often  creations  of 
the  mind,  arising  £rom  {wculiarities  of  its  constitution. 

Arrived  at  ninturity,  the  system  of  man  commences  at  once  to  decline, 
SuNifMivfi  m&x-  the  epochs  of  the  maximum  ofphyaicnl  and  mental  aticngtb 
imdrelnuJ  "^*'  'wwnver,  coinriding;  thot  for  tho  former  occurring  at 
■tntigth.  aboat  the  Srnhyenr,  as  prei-ionsly  nanariced,  but  tliat  for 

the  latter  not  until  between  the  45lh  and  50th  year.  At  tliia  period, 
when  the  powers  of  imapination  and  reason  have  reached  their  highest 
degree,  the  lialnltty  to  uiciiial  alienation  and  insanity  is  also  at  its  max- 
Orfw  af  Tn*».  i^w^-  Some«hat  later,  the  physical  Bystera  pLaiuLy  !»• 
ul  M<i  phvBl-  trays  that  it  is  [uu^uing  its  doivuwaid  course,  reti'sctng  thr 

«  me.  Bleps  through  which  it  passed  forward  to  development, 
there  is  an  evident  decrease  of  weight,  the  nutritive  openiiions  being  tm 
longer  nble  to  repair  the  waste  of  the  body.  There  is  also  a  diminatioi 
of  the  h<riglit.  This  corporeal  decay  ig  the  sig;nal  for  a  depression  of  tl 
mental  powers,  the  first  which  begins  to  yield  being  [irobably  thai  of  < 
centrating  or  abstracting  the  thought.  As  ^'enrs  pass  on,  external  im- 
pressions  exert  a  diminished  inSucnoe,  and  he  who  at  an  earlier  period 
reached  the  meaning  of  things,  as  it  were,  almost  by  intuition,  now 
Ids  eyes  over  page  after  page  without  an  idea  being  communicated  to  his 
mind.     The  old  man  querulously  complains  that  he  reads  bis  book,  bni 
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docs  not  nndcrptnntl  whnt  it  mejina.  Willi  this  failure  of  per-  Kinnnc  oia 
cqition  the  powers  of  memory  decline,  recent  cvcnti  fading  •«"■ 
awuy  first,  but  thoao  of  cjirly  life  being  reciollectcd  last.  The  present  no 
longer  powessea  fin  intercut,  for  the  brain  is  Icsis  cnpablc  of  receiving  aaj 
new  impreasions.  One  aflcr  another,  the  oi^na  of  sense  fail  to  discharge 
ibeir  functions ;  the  (tiglit  'uecomes  misty,  l)ie  Iiearing  dull ;  there  is  an 
indisposition  for  exertion,  a  desire  for  repose.  The  white- bearded  pa- 
triarch of  a  hundred  years  sits  quietly  by  the  fireside,  resting  bis  handa 
on  the  top  of  his  uUdV. 

VaMi 
AfUla J lit 

M»rKuret  Pntun 197 

Tlic  CoiinhtM  uf  Desmoiu] UB 

TliiimM  ['iirr 162 

Ttuiniu  Damme „.,„ IM 

Jobu  Bnviit  )  „ 171 
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The  mortality  of  towns  is  greater  than  Ihat  of  the  country.     As  we 
advance  from  the  nndtit  of  the  temperate  region  toward  the   i^^[  n,^^ 
equator  or  toward  the  poles,  it  also  increases :   thus,  in  the   ui'tr. 
niKlhem  |>ortionB  of  Kurope,  the  aiunml  mortality  is  ait  1  to  41 ;  that  of 
Central  Europe,  1  to  4(y^  :  that  of  Soutliern  Europe,  1  to  3^^     Con- 
sidered aa  respects  different  periods  of  lite,  the  rate  of  mor-  M,>rt«iitY  at 
tality  varies  very  much.      (>f  both  sexes,  22  per  cent  die  JiflfcrMi  jwi- 
before  lhcy  are  one  yi-ar  old,  and  .37  per  cent,  before  they 
are  five  years  old.     Male  infants  are,  however,  more  liable  to  die  imme- 
diately after  birth  than  female,  but  at  the  close  of  about  two  years  their 
mortality  is  the  same.     Nine  twcntictlis  of  the  whole  numlfer  born  die 
before  they  arc  fifteen  years  of  age,  that  is,  before  they  have  become  uso- 
liil  to  the  community. 

The  mortality  among  girla  incrcaaca  between  14  and  18,  and  among 
men  between  21  and  26.     In  France  and  Belgium,  from  26  „  ,  .. 
to  30  IS  the  epoch  of  marriage,  and  at  this  period  the  mortal-  iidUr  oTtii* 
ity  is  the  same  in  Iwtli  sexes.     It  then  increases  for  llie  "''^ 
women  during  the  years  of  childbcaring.  and  afterward  again  becomea 
equal  for  both.     At  25  years  iiaif  the  birtlis  are  dead.     The  mean  life 
may  be  estimated  at  •'IH  years.      Tlie  maximum  ex[)eetau(-y  of  life  is  at 
5  years,  at  which  age  the  risk  of  mortality  ie  suddenly  reduced,  and  be- 
oomes  small  till  imVrfy.  wlien.  e.ipccially  among  girls,  it  l>ecomcfl  great. 
FVom  60  to  &j  the  chances  of  Ufc  arc  again  at  a  minimum. 

To  the  fooregoing  8tateroent«,  in  which  contrasts  have  been  drawn  be- 
tween the  male  and  female,  the  following  may  W  added:  Not  only  is 
there  a  diifcreucc  in  the  entire  stature,  but  the  dilferent  portions  of  the 

Mm 
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Cwnpaiiton  of  bodv  have  DOt  tlie  same  tvlativc  size.  Tb«  capacity  of  tSF' 
iJibl- wXmiI  *''^""  '"  *^  tViniUu  is  le»B ;  the  body  is  longer ;  Uic  lower  ex- ; 
hmdt.  Iromiucs  sliortcr ;  the  pelvis  of  greater  eizc,  especiallj  in  ii-ti 

tfRttHvenic  diameter:  the  hends  of  the  thigh  bonea,  therefore^  farther  apart, 
and  the  bones  thenisclvca  including  a  larger  angle  than  in  the  cose  of  the 
male;  the  chest  and  tlieabtlomcn  arc  respectively  more  convex;  the  tnnn- 
versc  dinmpter  at  the  shoulders  smaller,  and  the  up[>er  cxtTcmities,  like 
the  lower,  shorter:  the  hand«  and  feet,  lingers  and  toee,  of  less  size.  The 
Burfiue  preseuta  a  more  elegantly  rounded  fonn,  without  aiiguloritifs : 
tlie  skin  thiniiex  and  more  translucent ;  the  hair  of  the  bead  is  loiter 
and  liner,  but  other  portions  of  the  skin  less  covered  with  hair :  the  nails 
fioiallcr  and  tliinner. 

The  strength  of  the  femidc  is  to  that  of  the  male  ns  16  to  2(i.     Her 
_  .        muscles  i.'Oiitrart  with  less  energy,  and  are  more  easily  wea- 

ried. The  peculiarities  of  the  construction  of  the  bones  of 
her  pelvis  and  cliest  respectively  give  rise  to  (leculiaritiea  in 
the  movements  of  the  lower  and  up^wr  estreinities ;  hence  the  character- 
istic muutier  of  walking  and  movement  of  the  ami  in  atteuipliiig  to  throw 
a  BiDiie.  Tn  the  cliaptor  ou  tlio  voice  we  liave  already  jwinted  out  the] 
female  (KTiiUarittes  in  s]K-aking  and  ttingiiig,  and  its  more  acute  quality. 

^Vith  rcspeet  to  luT  moral  iind  intellectual  jxTuHarities,  these  ore  nua- , 
„  .        ifcsted  from  the  earliest  infancy  in  the  sports  and  gamea  | 

Uuiiivtiui )<•-  which  fthe  instinctively  follows.     Coming  to  maturity  morel 
"'^^"**""        rapidly  tliau  tlie  male^  she  abandons  these,  though  iJiey  may  ■ 
8tiU  be  enjoyed  by  boys  of  her  owu  age,  whom,  for  the  course  of  a  year! 
or  two,  she  regards  with  neglect  or  even  disn>spect,  a  feeling  soon  al^er 
to  be  followed  by  timidity.     Kducatton  and  tlie  position  in  which  she 
may  have  l)ccn  placed  may,  to  a  certain  extent*  control  or  disguise  her 
habits,  but  they  can  never  wholly  oblitrrote  the  striking  prodominancei 
of  her  moral  over  her  intellectual  qualities,  as  compared  witli  man.     VL^' 
sentially  religious,  her  faith  is  applied  to  almost  all  the  ordinary  atfaiis 
of  life,  though  when  she  finda  that  she  lias  been  deceived  she  Is  e%-er  dis- 
trustful.    From  the  enrlieat  times  it  has  been  remarked  that  her  revenge, 
more  partleulurly  wheu  it  concerns  wounded  pride,  is  implacable.      Much 
more  than  tlu^  tnale  she  is  delighted  with  the  adornments  of  dress.     Her 
■eosoning  ]Kiwer3  are  Ied.s  vigorous,  though  her  sensations  are  more  acute. 
yet  she  bears  pain  with  more  resignation  than  man.     Her  jurlgmeat  is 
not  so  evenly  balanced,  and  is  often  perverted  by  the  preponderance  of  | 
her  feelings.     It  has  been  asserted  that  these  moral  and  intellectual  p^ 
culiaritics  which  she  prcjicnts  when  compared  with  man  arc  dititioctly 
traceable  to  the  phrenological  predomiiuuice  of  the  moral  over  the  mtel- 
Jecttial  nt;iou!i  of  the  brain. 

The  phyeiulogist  who  ia  thus  obliged  to  speak  of  the  constitutional 
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ftiid  mental  imperfections  of  tjici  female,  may  be  peimitted  to  tnm  witli 
delight  from  the  dry  HiitaXis  of  statistics  anil  anatomy  to  the  family  and 
flocial  relatione,  for  it  is  therein  that  her  beautiful  <[ualitics  shine  forth. 
At  tLe  elofw  of  a  long  life,  checkered  with  pleaaures  and  misfortunes, 
how  often  doi'H  the  agc<l  man  with  emotion  confess  that,  thougii  all  tlic 
ephemeral  acquaintances  and  attachments  of  hiK  carucr  have  cndiid  in  dis- 
appointment and  alienation,  the  wife  of  bis  youth  is  still  his  friend.  In 
a  world  from  which  Gvory  thing  rise  secrns  to  lie  ]VE8Piiig  away,  her  affec- 
tion alone  is  unchanged;  true  to  him  in  Kiclcitcj^s  as  in  health,  in  misfor- 
tune as  in  prosperity,  true  in  the  hour  of  death,  "\Mien  the  schemes  that 
occupied  bis  active  yejirn  have  vwnisheil,  or,  if  realized,  are  now  no  more 
to  him  than  vaiitlii:!>  which  hardly  fasten  bis  thoughts ;  when,  in  the 
feeble  extremity  of  iigc,  cvciy  thing  is  a  burden  to  him,  and  the  pass- 
ing excitements  of  otliers  am  not  even  arouse  liis  attention,  the  echo  of 
those  prayers  in  slill  heard  which  hi.i  unskillful  tongue  Hrst  loamrd  at  his 
mother's  knre.  The  stem,  the  avaricious,  the  hard-hrartcd,  the  intellect- 
n»l,  nil  arc  equally  brought  to  confess  who  was  their  lirst  and  who  is  their 
last  true  fTit;iid. 

The  necessities  of  society  liai*e  led  to  the  establishment  of  artificial 
epochs  in  the  life  of  man.  In  most  countrit^s,  tiio  first  rocog-  Anlfid»l 
ni;:cd  movements  of  the  firtus  arc  taken  as  the  period  from  e|»chaorUfc. 
which  independent  life  begins,  and  the  twcnty-firat  year  is  fixed  as  the 
time  of  niBturity.  These  arbilrary  dates  answer  the  purpose  very  well, 
but  they  have  not  that  physiological  significance  which  is  commoidy  sup- 
posed, for  neither  of  tbcui  coincides  with  any  great  change  in  the  mode 
of  life.  Of  the  mctamoriihoces  through  which  we  pass,  the  fmal  one,  oo- 
cnrring  at  ]jul>erty,  which  separates  tlie  merely  vegetative  troni  the  re- 
productive period  of  life,  is^  under  the  circumstances  of  Iho  case,  with  the 
e-xception  of  the  assumption  of  aerial  respiration  at  birth,  the  only  obvious 
orw*.  The  change  which  then  ensues  is  in  no  respect  leas  marked  than 
the  passage  to  the  pertWrt  or  imago  state  by  insects.  Development  sud- 
denly takes  on  a  new  phase,  and  with  the  physical  change  comrsixmd- 
ingly  occur  changes  in  the  psychical  endowments — modesty  and  woman-j 
ly  sentiments  in  the  one  sex,  courage,  the  |>en:eption  of  honor,  and  manl] 
qtudities  in  thcotlier,lhe  capability  of  mutual  love  in  both.  Kvcn  among 
animahi  under  the  same  conditions,  analogous  reaults  are  presented,  thougli 
in  tt  lesa  n-fuKtd  way. 

Tho  human  sjtccies  is  no  exception  to  the  observation  long  ago  made, 
that  the  undue  extension  of  the  vegetative  period  of  life  into  Enci«Mlim«*t 
the  reproductive  is  at  the  ex|*nsc  of  the  latter.  In  the  same  jfyj'I^i^Ii^ 
manner  that  a  tree  overladen  with  foliage  jiresents  its  flow-  Ufo. 
era  scantily,  so  a  love  for  the  pleasures  of  tlio  tabic  and  a  predominating 
epicurean  turn  is  often  the  indication  of  inca|)abilily. 
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Up  to  the  fbortecnth  year,  the  huniiui  being  Ures  solely  for  itself;  ite 
Onxluil  iiistinctA  are  for  llic  gralilicntion  of  its  present  waiits^  and 
a«^  vu^^  those  n-ants  arc,  for  the  most  |i«rt,  connected  witli  its  v^eta^ 
lit*.  tive  (IcA-elopnicnt.    After  that  jxriod  its  life  is  for  llifi  ftitiin, 

and  is  in  iclnlioii  to  llic  race  With  thi^  more  elevated  condition,  oew 
emotions  and  passions  have  been  awakened:  tlicre  is  a  gradoal  onfoldiog 
of  tJic  mental  powers,  and  a  balancing  arising  from  increased  knowledge 
and  ini:n'ascd  experience;  yet,  even  now,  the  mental  qualities  thai  are 
most  marked  arc  only  the  cxlerutioii  uf  tIio»e  ihc  gcnn  of  wliich  maj  he 
discovered  at  the  first  dawn  of  reason,  and  the  same  mny  be  said  eren 
of  our  intollectnal  impTcsaions.  The  ideas  we  Iiavo  gathered  as  membos 
of  a  family  arc  rcproduci^d  and  expanded  in  our  religious  views,  and  the 
go^'emment  oS  God  ia  presented  to  the  human  heart  less  accqitably  wlien 
bu  is  set  forth  as  the  ^Uiuighty  Maker  of  the  world  than  as  the  UDiTezBal 
Father  and  Giver  of  all  good. 

In  a  preceding  chapter  I  have  already  Hhown  how  the  existence  of  ihe 
Pn«llelafivr>  immateiial  spirit  of  man  may  he  invcatigatod  physiologically. 
nouldcvBi-  ^*  ^^y  "°*  ^  ^^^  °^  plaeo  here  to  dispose  of  an  argument 
tfpnekL  that  some  have  insisted  on,  that,  since  the  development  of 

the  mind  proceeds  in  an  o<iual  step  with  the  development  of  the  Loily, 
each  ejcpaiiding  or  ilecliiiing  witli  the  otiier.  tlie  dissolution  of  the  animal 
tahric  is  the  token  of  the  death  of  the  souL  Against  this  doctrine  the 
whole  human  family,  in  all  agen,  Iish  l>onic  its  testimony,  and,  if  aniver- 
sal  impressions  arise  from  physical  constitotion  fur  more  tlian  they  do 
fiom  tradition,  it  may  be  truly  said  that  tlint  doctrine  is  incompatible 
with  the  orgauixation  of  man.  Probably  there  i«  no  quc-ttion  which  baa 
receive<l  a  greater  amount  of  individual  and  general  uttcniion — none  ^ji 
which  has  more  deeply  exercised  the  thought  of  the  profoundest  intellect ;  ^H 
and  wlmt  is  the  actual  result  t  AVlialever  may  he  the  social  state,  bar-  ^^ 
borous  or  polishecl.  whatever  the  manner  of  life,  whatever  the  climate, 
wlutf'ver  the  form  of  religion,  the  assertion  of  the  existence  of  the  ^irit 
ut'ler  death  ia  so  universal,  tliat  it  may  be  termed  one  of  the  organic  dog- 
mas of  our  race.  Indeed,  wc  may  aHirm  tliat  tlir  mind  lias  to  be  edu- 
cated, trained,  or  strained  before  it  becomes  capable  of  an  opposite  new. 
which,  even  then,  will  he  doubtlngly  entertained. 

If  there  is  a  point  in  natural  philosophy  which  may  be  reganled  as 
ladMMndoDt  ^"''^y  settled,  it  is  the  imjK-rishabilily  of  tlie  chejuical  de- 
tfslMwciof   ments  and  the  everlasting  duration  of  force.     With  the  sys- 

*^  '  tern  of  natitrc  existing  as  it  is,  wc  can  not  admit  that  an  atom 
of  any  kind  can  ever  be  destroyed ;  and  a  like  assertion  may  be  madt 
of  Ibroe.  Heat  may  give  rise  to  motion,  motion  to  eledridty.  electiici^ 
to  heat :  one  kind  of  force  mar  be  converted  into  another,  there  being  a 
perfect  correlation  ur  quaUty  of  suWtitutioa  among  them.     Tiie  (juan 
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ttty  of  power  is  now  the  same  as  it  ever  was.  Its  variatioiis  arc-  analo- 
gous to  tlir:  appfl]Y>iit  transmntationa  of  ponderable  material.  They  are 
men*  metamorplioscfl. 

Matter  and  force  are  equally  incapable  of  destruction.  Each  constito- 
ent  atom  of  llie  animal  nnjclmnism,  tliougli  it  may  be  di-smisBed  for  the 
time  as  useless,  is  not  lost,  but  sooner  or  later  is  economized  in  some 
organic  form  again.  The  heat  which  seems  to  arise  from  the  most  in- 
8igni6canl  muscular  contnictioii  has  been,  so  to  speak,  many  a  lime  in 
existence  before,  and  after  it  hiis  escaped  from  the  system  is  not  lost  to 
the  world,  but  dinchai^s  oiio  function  after  another  tbrcver ;  and  if  thui 
neither  matter  nor  force  can  die,  it  wonid  be  a  great  anomaly  if  the  prin- 
ciple of  conscious  identity  were  capable  of  anniiiilalion.  Like  them,  it 
may  bo  capable  of  modification  or  change,  and,  like  them,  it  is  not  capa- 
ble of  loss  of  existence.  The  creeds  of  various  nations  recognize  this 
great  truth:  they  dilfcr  only  in  their  ideas  of  what  that  future  state  of 
moditicatiou  may  be. 

Perhaps  in  some  age  herenfter  physiology  will  lind  herself  sufficiently 
advanced  to  offer  her  opinion  on  this  profound  topic,  for  I  can  not  think 
thai  God  has  left  as  without  a  witness  in  this  matter,  even  m  the  stmc- 
tare  and  development  of  the  body  it!<elt1  t'rom  tiie  moment  that  we  see 
the  first  traces  of  the  ner\ous  mechanism  lying  in  the  primitive  groove, 
we  recognize  the  subordination  of  every  other  part  to  that  mechanism. 
For  it,  and  because  of  it,  are  introduced  the  digestive,  the  circtilatory, 
the  secretory,  the  respiratory  apparatus.  They  arc  merely  its  ministers, 
ilnd,  fastening  our  atloiition  on  the  course  which  it  pursues. we  see  that' 
it  is  at  once  a  course  of  concentration  and  development.  The  special  is 
at  each  instant  coining  out  of  the  more  general,  and,  from  the  Ixrginning , 
to  llic  end.  the  whulu  aim  Ib  at  psycliical  development.  The  germinal 
membrane  is  cast  away  as  soon  as  a  stomach  can  be  prepared,  aquatic 
rc§piration  ceases  as  soon  as  aerial  can  be  maintained.  The  scalTolding 
that  waA  of  use  at  one  moment  ia  thrown  aside  as  soon  aa  a  new  eJeva- 
tion  is  reached.  The  germ,  the  embryo,  the  in&nt,  are  only  gucceasiire 
points  in  a  progress  which  at  every  instant  displays  this  casting  away 
of  the  means  tliat  have  been  used  as  soon  as  they  are  done  with.  That 
is  the  style  in  which  the  work  is  carried  on.  The  principle  which  ob- 
scurely animated  the  germ  is  the  same  which  in  a  higher  way  animates 
the  cmbiyo,  and  this  again  is  the  same  wbicli,  in  a  more  exalted  condi- 
tion, animates  the  infant  and  the  man.  The  cloudy  s}icck  which  ushers 
in  the  phnntasmagom  of  life  expands  as  the  great  Artist  directs  until 
every  lineament  has  become  visible. 

That  active  ag^nt  which  was  Brst  laid  in  a  fold  of  the  germinal  mem- 
brane was  not  annihilated  when  its  type  of  life  was  changed  to  placental 
and  therefore  aquatic  respiration.     It  withstood  the  shock  when  again. 
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ulter  a  <ltie  season,  it  was  suUdenl/  nuule  to  brcallic  ttio  tar,  Airivedat 
tlie  maturu  condition,  tlieru  is  not  in  its  coinpanion-lKKly  a  single  poxlidf 
lliat  was  present  &l  binli.  All  bu3  ctiatigetl.  And,  whut  is  still  mrtfe 
importaDl,  not  only  has  tbcrc  been  this  iiitcredtial  rcraoval,  bat,  in  suc- 
cession, tlic  very  nature  of  i^vcry  one  (*(  it&  organs  lias  cluuigpd.  It  is 
needless  now  to  repent  Iiow  many  different  systems  of  nutriliou  it  has 
depended  on — how  many  sorts  of  stomachs  in  succession  it  has  bad — 
how  it  has  breathed  by  a  membrane,  by  gills,  and  by  lungs — bow  it  iuis 
oanied  on  its  circidatioii  without  a  heart,  with  a  heitrt  of  one  cavity-,  and 
finally  with  one  of  four.  Through  all  these  losses  and  changes  the  im- 
material principle  has  passed  unseathetl,  uud  even  gathering  slrengtL 
Ln  tlic  broadest  manner  that  a  fact  can  be  set  forth,  we  sete  liercin  the 
oomplete  subordination  of  straclure  and  the  enduring  diaracter  of  i^inL 
Whatever  may  be  the  mechaniAra  that  is  wanted,  it  is  in  readiness  for  its 
time ;  and  when  it  has  tinislied  its  duty,  is  neglected  and  disappears. 
There  is,  therefore,  a  sound  reason  in  the  conclusion  to  which  uiaiikind. 
inrhaps  from  a  mere  instinctive  impression,  liavc  como,  tliat  tlie  soul  will 
exist  after  death,  for,  after  surviving  so  many  mutations,  the  removal  of 
BO  many  of  what  seemed  to  be  its  tinn  and  esseutial  supports,  we  aiv  jus- 
tified in  expecting  that  it  will  l»ear  without  ruin  the  entire  withdrawal  of 
iJjC  whole  scaffolding. 

As  I  iiave  pointed  out,  we  have  precisely  the  same  reason  for  belicr- 
ing  the  existence  of  the  immortal  spirit  iluit  we  have  for  knowing  that 
iJicro  is  an  cxtcniul  world.  The  two  faets  arc  of  tlie  some  order.  Of 
the  future  continuance  of  that  external  world,  Lrrcspectivc  of  onrsdres. 
ve  entertain  no  doubt ;  indeed,  in  certain  cases,  as  in  those  presented  1^ 
astronomy,  we  arc  able  to  tell  its  state  a  thousand  years  hence.  So  long 
as  our  attention  was  contincd  1o  statical  phyoiolog}',  every  thing  connect- 
ed with  the  subject  now  under  cousideration  was  enveloped  in  darknesB, 
but  it  will  be  very  different  when  dynamical  physiology  begins  to  be 
cultivated  — dynamical  physiology,  which  speaks  of  the  course  of  hfe, 
uf  organs,  individuals,  and  races.  The  law  of  development  will  guide 
UB  to  an  interpretation  uf  many  things  which  an  now  siirouded  in  ob- 
scuriiy,  and  teach  us,  from  a  consideration  of  what  wo  have  Icunitd  of 
otir  past,  and  what  wc  know  of  our  present,  what  we  may  expect  of  our 
future  state;  and  then  it  will  appear  that  the  universal  opinion  of  the 
BgCS  and  nations  is  not  a  vulgar  illusion,  but  a  solemn  phtlosophimi  (WgL 

So,  tlicrefore,  the  decline  of  the  mental  faculties  nitli  advancing  yean 
ia  no  indication  of  the  hebetude  of  the  spirit,  or  prcmonilory  to  its  tinal 
dissolution.  It  is  only  the  gradual  wearing  out  of  tlte  instrument,  the 
intervention  of  which  has  ostahlished  relations  with  the  outer  world. 
When  a  tool  becomes  blimled  and  old,  the  workman  con  no  longer  man- 
ifest his  former  skill ;  hut  the  skill  may  ncverthelcas  remain.     Tlioogb 
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tlie  appftratns  for  the  reception  of  external  impressions,  u  well  as  that 
for  Tolimtaiy  action,  may  be  failing,  it  imjilics  notliiog  as  regards  the 
primL'  iiiuver.  Tli'C  eye  may  be  dim,  the  car  dull,  luid  touvli  ini[icrlcct, 
the  voioo  may  be  fbeble,  aiid  tlie  limbs  trciiibling,  but  all  tliin  iiiilicatea 
nothing  more  than  tliat  what  lius  Ifoeu  passed  thruugli  ho  often  before 
is  about  to  be  pas-<ed  tlirougli  agwin.  The  organs  that  have  done  tlicir 
daty  are  to  be  cast  uway,  but  tlic  result  of  t!i^  action  id  to  remain. 

It  may  not,  perbftpa,  fall  within  the  proper  compass  of  a  Ireatise  on 
physiology  to  speak  of  that  future  condition,  and  yet  bo  deeply  Thwftuw* 
ialeresling  are  tliose  subjects  to  all  men  that  a  single  obscrva-  '^*^ 
lion  may  in  this  place  be  excused.  The  whole  course  of  life,  from  its 
very  beginning,  hoH  been  one  of  development  and  concentration.  We 
cotnprelieiid  tliiii  the  more  jxa-fectly  aa  wo  extend  oar  vicwa  beyond  our 
present  slate,  and  e.\anrmo  what  wc  have  in  sucoesslon  been,  and  in  what 
manner  our  existing  condition  was  reached.  It  in  not  credible  that  that 
Bystem  is  to  be  all  at  once  abandoned,  or  replaced  by  a  con  trad  ictoiy  one. 
Such  is  not  the  style  in  wliich  the  affairs  of  the  o^aiiic  world  are  at  any 
lime  carried  on.  The  slowly  emerging  couscqueiices  of  tlje  primitive 
law  come  forth  one  aftvr  tlie  utUcr  iu  their  projwr  and  unvarying  sequence, 
and  the  law  holds  on  inexorably  forever.  And  since  we  may  say  that, 
f  hroughout  those  prior  states,  the  idea  aimed  at  is  the  isolation  of  a  con- 
scious intelligence,  every  organ  l^eiiig  ^haj^  and  every  function  lient  to 
that  end,  wc  are  reasonably  led  to  llie.  expectation  that  in  a  Ititure  state 
tliat  archety|)e  will  be  completely  reached.  It  would  be  strange  indeed 
if  B  blauk  ubliviuu  should  crown  such  a  work. 
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One  third  of  tlic  life  of  man  is  sfwut  iu  sleep,  a  condition  of  moditied 
aensibility,  in  which  the  mind  performs  its  functions  in  an  im- 
perfect way,  and  voluntary  motion  is  nearly  stispcndcd.  Tliia 
stale,  occupying  so  lai^  a  portion  of  the  short  [tcriod  of  time  allotted  to 
US,  is  therefore  well  dcscning  of  the  consideration  of  the  physiologist. 
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and  the  more  so  sincn  it  prc»cntA,  in  the  varions  pbeaomcna  of  dnana, 
ai^iticant  iltofttrations  of  the  manner  ot'  action  of  iho  nerrolu  syettm. 

AW  animalsi  sleep.     Many,  perhaps  mo«t,  dream.     The  neoesaitT  for  a 
season  of  re|X>BC  ari»es  from  the  preponderance  of  the  waste  of  the  ajc- 
tetn  over  its  repair  during  our  n-aking  hours.     By  bringing  tJie  uiiina) 
functions  into  a  condition  of  rest,  an  opportunity  is  afTorded  lor  naiovm-       , 
tion,  nnd  t)ie  equiiibhum  can  be  maintained.  ^H 

In  pujiy  infancy,  when  it  is  iwccssary  for  the  nutritive  operations  to  br^^ 
-        ^  .     carried  forward  with  the  utmost  vigor,  and  attended  witli  m 
■■eiMiy  for    little  waste  as  possible,  the  whole  time  ia  spent  in  »lecpiiig 
•^*"  and  eating.      Tlic  wakinjj  [icriod  is  gradually  increased  as  lh« 

child  advances,  but  not  eo  as  to  nutke  it  continuous,  for  the  day  is  farokeD 
into  intervals  of  sleep.  Even  at  three  or  four  years  of  age  we  sleep  more 
l>„„iiQ„  ,B,l  than  once  a  day.  In  mature  life  ciglit  hours  arc  on  an  aver- 
d^thof  ilMp.  age  Inquired,  but  the  precise  lime  ^Tiries  with  different  indi- 
viduals, and  even  with  tlie  same  individual  in  difieront  const!  tntional  ^M 
states.  The  time  is  not,  howcx'cr.  always  a  trtio  rocastiTc  of  the  amonni 
of  rest,  for  elcrp  varies  very  much  in  the  degree  of  its  completeness  or 
intensity ;  there  is  a  slumber  so  distarbed  that  we  arc  nurefrcshed  by  it. 
and  a  ttlt-cp  80  profound  that  we  awake  weary.  Old  age,  as  it  advances, 
admoiiishcis  na  to  spare  the  sy«tciii  us  much  as  we  may,  for  repair  is  eon- 
ducted  with  difficulty :  and  this  period,  characterized  by  its  rosenibbBico 
in  so  nuiny  respects  to  childhood,  like  it,  is  often  marked  by  frequentlv 
recurring  and  prolonged  slumber.  Moreo\'er,  various  accidental  and 
Other  circumstances  arc  liable  at  all  times  to  disturb  its  proper  periodic- 
ity— a  warm  afternoon,  a  hearty  dinner,  an  ill-ventibtcd  a]>anmeut.  m»- 
notouous  Aotmdii,  the  attention  devoted  to  one  object,  bo«lily  ({ujeauenoe, 
oeuing  to  think,  the  use  of  narcotics,  extreme  cold,  a  horizontal  posi- 1 
tioa,&c. 

Sleep  is  commonly  preceded  by  a  sense  of  drowsiness  of  more  or  lees, 
Appntxhot  intensity,  which  is  gradually  followed  by  a  loss  of  scnsilwlily. 
•l^-  Objects  cease  to  make  an  impression  on  the  eyes,  the  lids  bfr- ; 

come  heavy  and  close.  If  we  are  not  in  tlio  horizontal  position,  but  l^ ' 
quire  muitcular  inipport,  as  in  sitting,  the  head  droops,  and  the  luuids 
a  support.  Successively  the  senses  of  smelling,  hearing,  and  touch  pass 
away,  as  the  sight  has  done ;  but,  before  this  progress  is  oompleted,  we 
start  at  any  sound  or  difiturbanoe,  voluntary  muscular  action  being  in- 
stantly assuiried,  though  in  tlio  midst  of  a  surprise.  We  are  noddijig.  If 
we  are  in  the  lionzoiital  positioit,  as  in  i^L,  the  body  is  thrown  into  a 
form  requiring  the  least  muscular  exertion — the  liml>s  are  aemiScsed. 
Ab  sight,  smell,  hearing,  touch,  again  in  aucecsston  fail,  all  voluntarr  noo- 
tiona  ceose,  those  which  are  now  executed  being  of  a  piuvly  automatic 
kind.     The  eyes  are  turned  upward  and  inward,  the  iris  is  conliacied, 
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e  heart  and  the  lungs  act  more  slowly  but  more  powerfully ;  a  gentle 
delirium,  which  exists  while  the  oeutrcs  of  tlie  spcciul  acneos  are  coming 

to  re|jose,  iMtroducos  us  to  profound  and  unconscious  sleeps 

Thia  coDtlition  of  profound  sleep,  though  it  mny  be  quickly,  is  yet 
lUnlly  reached  by  pacing  through  certain  well-marked  pweiftuof 
Once  gained,  wc  sleep  with  heaviness  in  Uie  early  "ishMiorji. 
Ipart  of  the  niglit,  and  more  and  more  lightly  as  rooming  approaches. 
It  would,  however,  be  erroneous  to  suppose  that  tliis  falling  into  inaeiwi- 
kilily  and  awakuiitug  uru  pi'rlcctly  <:uiitij>uoui)  events  ;  thvre  are,  uiidoubt- 
ledly.  subordinate  periods  of  luoru  and  less  coui}jkte  repose,  but  under 
DO  circumstances  are  we  ever  aware  that  we  arc  ashi'p. 

At  any  lime  of  the  niglit  skiep  may  be  abruptly  broken,  tlic  mind  re- 
ntming  its  power  after  passing  tlirongli  a  municntary  interval  Udaaar  oT 
of  confusion.  Toward  the  close  of  the  customary  time,  the  •*»l'""iiag. 
tenses  resume  thtiir  power  in  an  order  iuvcrsc  to  iliat  in  which  they  lost 
■tlie  touch,  the  hearing,  the  smell,  the  sight.  l''or  a  short  period  aAcr 
•wakening,  the  organs  .seem  to  be  in  a  state  of  unusual  acuteness,  mon- 
particularly  Iliat  of  sight — an  cU'cct  arising  from  the  obhleration  of  tliu 
vestiges  of  old  impressions,  i'rom  proibund  sleep  we  pass  to  tlic  wak- 
ng  state  through  an  inionncdiatc  condition  of  slumber.  In  the  former, 
the  movements  which  wo  may  execute,  under  the  influence  of  external 
impressions,  are  wholly  of  an  automatic  kind,  such  as  turning  in  bed  in 
Tariom}  ])Ositions.  The  length  of  time  tipeut  in  sleep  and  alumber  re- 
•pectiveJy  is  by  no  means  constant,  nmiiy  cauHes  increasing  the  ono  at 
ibo  Qxpcnse  of  the  other.  On  awakening,  we  are  apt  lo  indulge  in  cer- 
tain muscular  uiovcnients — we  rub  our  eyes,  stretch,  and  yawn.  If  we 
Kre  suddenly  aroused,  our  motions  are  ft^blc  and  uncertain  on  attempt- 
ing to  walk  at  once ;  but  if  we  spontaneously  awake  at  an  uniisunl  period, 
ftnd  more  particularly  if  it  be  toward  the  morning,  we  commonly  remodt 
K  clearness  of  intellect  or  mental  power.  3Iauy  of  our  most  judiciouB 
■nd  curroct  conclusions  occur  to  us  under  these  circumstances. 

Though  it  is  ttaid  that  the  sleep  of  man  lasts  about  eight  hours,  there 
m  many  variations.    Authentic  caFca  are  on  record  in  which  ji,,[„u,„  ^_j 
kdiriduals  have,  lor  a  considerable  time  and  apparejitly  with-  mininum 
Kit  injury,  slept  only  for  one  hour,  and  others  in  which  that  '"'«''' «''''«'i^ 
Itate  has  been  prolonged  for  an  entire  week.     Man  shows  much  greater 
liflerenccs  than  other  animals;  birds,  for  instance,  sleep  lightly,  and  cold- 
flooded  animals  generally  profoundly.     Since  the  object  of  sloRp  is  lo 
Mtbrd  an  u|fportunit_v  for  repairing  the  waste  of  the  system,  the  length 
sf  the  needful  time  depends  on  couditiona  that  are  themselves  variable: 
pe  extant  of  the  antecedent  waste,  and  the  rapidity  of  the  repair.     In 
we  sleep  longer  and  usuallv  deeper  than  in  summer,  fur  the  boor* 
te  in  winter  is  greater.     Uubit,  however,  controls  us  very  much. 
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It  has  bccm  mippoRrd  by  some  tlmt  it  is  to  habit  that  onr  tcndencrto 
Ctaeof  aifhu  sleep  at  night  is  lo  be  imputed.  Tt  is,  however,  nioi«  properlr 
•'••p-  to  be  attributed  to  the  ordinary  circumstances  of  our  lii'e — the 

day  being  spent  in  niutfcular  or  menial  exeixiiflc,  ifitice  we  can  then  aee 
to  pGifomi  our  duties,  and  this  tax  upon  the  svBteni  being  ncccasarily 
followed  by  a  tceling  ot*  ircarineBS.  Tliose  animals  which  seek  thinr  i'ood 
in  the  dark  sleep  by  day.  It  is  not,  tlicrcforp,  to  any  external  physical 
condition  thiit  we  shotild  impute  our  nocturnal  sleep,  bat  to  the  interior 
condition  of  our  system,  though  it  is  quite  trac  that  physical  agents, 
such  as  cold,  and  otlu^ra  that  have  been  mctitioncd,  will  provoke  a  eeusa- 
tioii  of  drowsiness. 

In  sleep  we  require  additional  warmth,  and  lhi»  we  obtain  by  inslinct- 
incnuni         ^"^^'^  using  moro  clotliiug  for  the  pui  pose  of  economudng  the 
triinntb  n-       animal  huat.     The  otiiount  of  caloric  generated  in  the  sysl 
<)  "«?■  jg  diminished  tUrougli  the  cessation  of  muscular  cxerd; 

and  therefore  reduction  of  decay.  The  wimc  may  be  said,  to  m,  ccrta! 
extent,  of  the  waste  of  the  brain  through  its  iiitellf^'clual  acts,  and  of  i 
ner\'0us  system  generally.  This  diminished  auiount  of  interstitial  dea 
corresponds  with  u  diminished  respiration,  the  hourly  amount  of  oxy 
consumed  exhibiting  a  decline.  The  negro,  who  is  much  more  senaiiivc 
than  the  white  man  to  this  decline  of  temperature,  instinctively  cnvelojn 
Ids  head  with  clothing,  so  that  the  air  may  be  wanned  by  its  contact 
therewith  before  it  enters  the  respiratory  organs,  l-'or  the  same  rettmii 
he  sleeps  with  bis  head  toward  the  iirc,  while  the  white  man  sleeps  with 
his  away.  On  similar  principles  wc  may  account  for  the  control  which  J 
food  has  over  sleep,  the  one  seeming,  to  a  certain  degree,  to  rephu-c  thi^H 
other.  Tlie  French  proverb  says,  "  He  who  sleeps,  diues,"  and  this  is^^ 
Cnirormitr  of  true;  for  during  sleep  the  waste  of  tlus  system  is  n»luctMl  to 
tiWi^wj!''  "^  minimum,  and  the  necessity  for  food  correspondingly  di- 
fonaUyoffood-  minisbcd.  The  qnaliij'  of  the  food  likewise  exerts  an  infln- 
encc  on  the  length  of  sleep.  for't}ini  which  is  of  b  nutritious  kind,  and 
easily  assimilated,  can  more  speedily  execute  whatever  repairs  the  sye- 
teni  may  dcniund.  It  is  pi-obably  owing  lo  his  variable  diet  that,  even 
in  a  state  of  pcrt'eet  hcullh,  man  is  so  variable  a  slccpr,  and  tliut  ani- 
mals, the  nature  of  whose  food  ia  so  constant,  sleep  with  so  much  uni- 
tbrmity. 

Hy  some  it  has  been  supposed  that  the  amount  nf  sleep  required  by 
different  animals  is  dependent  upon  the  size  of  their  brain;  bat  if 
keep  in  view  that  tlie  object  of  sleep  is  the  repair  of  waste,  and  ihiit  ilil 
is  acoomplLtlictd  by  the  agency  of  the  different  mechanisms  involved  in 
oi^anic  life,  we  can  easily  aee  that  saeh  a  statement  can  not  be  tru&  Its 
fallacy  B|]i>cars  from  common  observation,  apart  firom  any  physiological 
coiiiiiderutions.     The  brain  of  a  turtle  or  of  a  serpent  is  relatively  smaU, 


OP   DREABIB. 

and  yet  thoae  animala  sleep  long  and  profoundly;  but  if  wc  reflect  on 
how  many  different  conditions,  external  and  internal,  ihc  repiir  of  waste 
I      depends,  we  shall  see  thnt  ihe  time  of  sicpp  can  not  have  any  such  arbi- 

■  trtu^'  nieasore  as  that  of  the  size  of  the  brain.  Among  external  causes 
H  which,  inflaenco  the  rate  of  repair  may  be  mentioned  the  digetftibilily  of 
H  ibe  food,  some  vanetie-»  of  which,  by  rtutsou  of  itieir  chemical  or  piiysi- 

cal  qnalilics,  yield  more  slowly  than  others.     The  internal  causes  arc  very 
niuneroos:  the  size  of  the  digestive  organ;*  iti  relation  to  the  cm,Jiti«-«f 
L  body,  and  the  energy  with  which  their  function  ih  accom-  tbeJimiioae* 
H  plished ;  tlie  condition  of  development  of  the  absorbent  ays-  *    ^ 
'     tem,  and  the  rapidity  of  its  action :  the  rate  of  the  circulation  of  the 
^  blood,  which  hurries  the  nutritive  supply  in  its  cootac;  the  amount  of 
H  uxygcu  introduced  into  the  system  by  ihe  respiratory  apparatus,  which 
~  discharges,  as  we  have  elsewhere  explained,  the  double  function  of  re- 
moving the  wasted  products  of  decay,  and  of  grouping  into  ap[iropnate 
fomui,  so  on  to  be  available  for  their  uses,  the  elements  of  nutrition  that 
arc  being  introdnced.     AH  thcBC,  and  other  conditions  tluit  might  be 

IiianKyl,  determine  the  rate  at  which  repair  can  l»c  execntcd,  and  therefore 
the  necessary  duration  of  sleep.     If,  oat  of  these  various  elements,  we 
were  to  select  one  which  would  represeut  it,  the  activity  of  the  respira- 
>     lory  organs  would  afl'urd  a  more  accurate  measure  thou  the  size  of  the 

brain. 
H     Ab  the  necessar}'  repairs  arc  accomplished,  wc  pass  through  a  condi- 
,      tlon  of  slumber,  and  our  organs  gradually  awake  in  the  manner  that  has 
[      been  described.     It  is  during  this  intermediate  passage,  that  is,  toward 

■  the  morning  chicHy,  as  the  brain  is  Ksnming  its  functions,  or,ira«B,,. 
"   that  dreams  occur.     They  may.  however,  Iiappen  at  any  other  *'»*^  ("■iBio- 

jKjriwI  of  the  night,  thoiigii  then  they  arc  liable  to  prascnt  greater  in- 
congruities and  more  obvious  violations  of  the  proper  order  of  events. 
It  is  quite  correct  that  morning  dreams  are  more  likely  to  bo  prophetic, 
lor  they  arc  more  hkely  to  be  in  themselves  true. 

Dreams  never  strike  ns  with  flurprisc,  no  matter  what  may  be  tlie  ex- 
iraordinarf  scenery  they  prnsont — no  matter  how  great  the  violations  of 
truth  and  reality.  The  dead  may  appear  with  the  most  astonishing  elear- 
neaa ;  their  voices,  perhaps  long  forgotten,  may  be  heard ;  wc  may  be 
transported  to  places  where  we  have  spent  past  years  of  our  lives ;  com- 
binations of  the  most  grotesque  and  impossible  kinds  may  bo  spread  be- 
fore ns:  we  accept  all  as  reality,  perhai>s  not  oren  eiis]>ecting  that  we 
dream.  The  germn  from  which  have  originated  alt  these  strange  com- 
binations are  impressions  stored  U])  in  ihe  registering  ganglia  of  the  brain, 
more  particularly  in  its  optic  tlialami.  These,  as  outward  impressions 
have  for  the  time  ceased,  arc  enabled  to  attract  the  attention  of  the  mind, 
and  emerge  from  their  latent  stale.     That  alt  dreams  origiiiatu  in  such 
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unprpAsionfl  is  illustratotl  by  tlin  liiatory  of  the  blinrl,  wlio  still  dicair 
of  things  that  they  formerly  saw.  Thus  it  is  etah^d  that  Hubw,  aha 
he  hfiii  been  blind  for  fifty  years,  8till  dreamed  of  things  he  tiatl  seen 
when  a  boy.  But  little  cxpluitatioti  can  be  given  of  the  manner  in  wladi 
tiiese  veitigw  may  be  iproujied^a  grouping  which  is  so  trequpJitly  in  vi- 
olation of  all  corrcctiieHS  that  a  dream  which  {ircscuts  tis  with  n  Uigical 
wqucocc  of  ovcuts.  and  which  we  recognize  on  awakening  to  be  natu- 
ndly  true,  h  sure  to  bo  an  im{iTB83i%'0  one ;  and  yet  we  can  not  doabt 
that  the  causes  wliieh  suggest  dreams  are  often  pnrelv  phvmcal,  as  trheOt 
in  dropsy  of  the  chest,  the  dreamer  fenciea  he  is  drowning,  or  ereti 
fers  under  the  itamc  dcluiiion  when  his  Iiand  is  dip[>cd  in  water ;  or  w 
a  candle  is  carrird  into  the  room,  and  be  awakeas  stricken  with  terror 
that  the  hou«e  is  on  tire ;  or,  on  the  oocurreuce  of  noise,  he  believes  tlml 
he  id  in  a  thuiider-Ktorai,  or,  perbap»,  on  a  tield  of  luittJc.  Hence  aziaea 
an  antomatiitm  wiiich  IjccomcK  most  striking  when  the  dimmer  bdbwot 
qncstiona  pat  in  a  whi.s[)cr  to  him,  an  incident  of  which  cases  arc  record- 
ed  in  whieh  individnals  have  revealed  important  events  of  their  lives. 
which,  when  waking,  they  would  nevor  have  divulged. 

Automatic  actions  are  usually  considered  as  occurring  witliout  senuf 
lion,  but  thi«.  In  tionie  inatauccs,  as  in  those  now  before  us,  can  oot 
regarded  as  altogether  true. 

Suggested  tlius  by  external  circumstances,  or  arising  spontaneously 
t>MMptiv«  atk.  withoai  any  obvious  cause,  dn-anis  pass  before  ns  witli  an 
iwantnc«  oT         air  of  truthfulness  so  imposing  that  wc  never  suspect 

faltacicA.  It  may  l>c  truly  said  that  they  have  a  logi' 
their  owu.  Indeed,  so  complete  is  tlie  illusion,  that  instances  are 
wanting,  and  many  have  been  recorded,  in  which,  at  the  moment 
awakening,  the  eloqjer  has  been  struck  with  tlic  correctness  of  tlic  con- 
clusions at  which  ho  had  arrived,  and  it  was  not  until  he  had  recovered 
from  the  delirious  confusion  of  the  moment,  and  reason  had  resumed  her 
sway,  that  he  perceived  how  incorrect  they  were.  Thus  great  mathe- 
maticians have  thought  they  liad  solved  difficult  problems,  poets  that 
they  had  com])o»ed  stanzas  of  force  and  beauty;  but  these,  on  a  mo- 
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meiit's  reflection,  tiicy  have  discovered  (o  bo  an  inconsequent  flow  of 
ideas,  and  mere  nonsense.  A  few  exceptions  undoubtedly  h 
red,  as  in  the  cai»e  of  Mr.  Coleridge,  who  aflirms  tlint,  under  these  cir*' 
eumstanceji,  he  composed  Kublui  Khan,  and  remenibereU  it  In  part  on 
awaking.  The  French  mathematician,  Condorcet,  makes  tlte  same  state- 
ment witli  respect  to  several  nf  hi.'*  writings. 

One  of  the  most  extraordinary  plicnomcna  ptraentcd  in  the  dreaming 
iniuncaRooiM  statc  is  the  instantaneous  manner  in  which  a  lotig  series  ot 
■JoM'triUn*or  '^^■'^"'*  '"''.V  ^*  oflercd  to  the  mind,  the  exciting  e-tuse  being 
enat^  tfuly  of  Only  a  inomentaiy  duration.     Some  sudden  noise. 
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oronws  n»,  aTid,  in  tlip  act  of  waking,  a  long  drama  connoctcd  witli  that 
Doiae  appears  before  us ;  or.  iu  like  manner,  wc  arc  diBturlicd  perhaps  by 
»  HaKh  of  ligbtaing,  and  Tfith  that  flash  occnrs  a  ilieam  which  seems  to 
us  to  occupy  a  B|)aoc  of  hours  or  even  days,  so  mauy  arc  the  incidents 
frith  which  it  is  tillctl.  It  has  long  lxM'.n  known  tliat  a  likti  pecuharity 
liag  oflcTcd  ilseii'  to  tliose  who  have  sutHireil  by  drowning,  and  have  been 
auh8ei]iiciitly  restored.  They  liave  related  that  in  their  moment  of  sn- 
prmne  agony,  the  whole  scries  of  events  of  their  past  Ulc  has,  as  it  were, 
tiowcd  iu  au  instant  upon  them  witii  the  most  apjwIUng  vividness,  their 
good  and  evil  works,  aud  even  the  most  trifling  incidents  pruseutti^ 
iheaiselves  with  distinetnesi; — a  tide  of  memory.  And  doublless  it  ia 
owing  to  like  causes  tJiat,  under  the  influence  of  opium  or  other  narcotic 
drugs,  the  relations  of  apace  and  time  are  so  totally  destroyed  that  we 
seem  to  live  through  ii  rcntury  in  a  single  night,  or  to  tjiko  in  our  view 
scenery,  the  distances  and  magnitudi'-i  of  which  are  urnrly  beyond  tJic 
reach  of  mortal  ^-isioD.  It  has  been  truly  said  that  the  province  of 
dreams  is  one  of  intense  exaggeration.  It  is  so  in  a  double  sense,  for 
M-ith  efjual  facility  we  spread  out  a  single  aud  perliaps  in-  .j^^  m,tM«llojt 
siguilicant  circumstance,  so  that  it  occupies  the  entire  night,  oroneukmorvr 
or  we  crowd  a  thousand  strange,  though  perhaps  connected,  '  '*''^  *■ 
rcpresen  tat  ions  into  tlie  twinkling  of  an  eye.  Nor  is  it  by  any  means* 
the  least  extraordinarj*  part  of  these  wonderfid  facts  that  tiie  mind  occu- 
paes  itself  in  an  undiverted  and  unhrokcn  manner  for  so  long  a  time, 
with  an  insigniticant  idea  in  the  one  case,  and  jicrccivcs,  with  miraculous 
perspicuity,  the  rapidly  di^appeju-ing  occurrences  in  tlie  Other;  that  of  a 
majority  of  dreams  it  retains  no  precise  recollection,  though  they  may 
have  been  presented  with  aa  intense  energy,  as  we  are  assured  from  the 
impression  of  diead  or  niehuicholy,  or  even  the  physical  results  they 
have  left,  as  when  we  awake  and  feci  the  heart  throbbing  ForK«tftilB««i 
violently  and  the  whole  frame  trembling  with  terror,  yet  can  »f  d»«*m^ 
not,  with  the  utmost  cxcnion  of  memory,  recollect  what  it  was  that  wc 
B»w.  The  rrmcmbrancc  of  dreams  by  no  means,  therefore,  depends  on 
tlie  intensity  of  the  impression  that  they  made  for  tlie  time;  doubtless 

'  the  majority  of  llicm  are  forgotten  and  can  never  be  recalled.  In  some 
instances,  wliich  almost  every  one  can  recall,  we  dreuu  a  sct^ond  time  the 
aame  dream  which  we  failed  to  remember  whiii  awake,  and,  it  is  said, 
CTCn  oocMsionally  dream  that  we  are  dreaming. 

I  Our  mciiral  capability  for  recalling  the  scenes  that  have  occupied  us 
in  our  sleep  is  therefore  dependent  n]x>n  something  more  than  the  depth 
of  the  impression  they  ha\c  made-  Whether  il  be,  as  some  suppose, 
through  au  inertness  of  the  mind,  an  inca|)ability  or  indisposition  of  pay- 
ing attention  to  the  things  thus  presented  to  it,  or  wlictlier  if  be  tliat. 
lliruugh  accidental  causes,  the  vestiges  of  imprcssiuua  remaining  in  the 
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opiic  thalami  are  brought  oat  sometimes  with  mom  and  sometiines 
less  Ibrcr,  there  ia  every  grade  of  intensdly  presented,  trom  those  floatii 
indUtinct  ocj-iaL  ficcncit,  which  AAcni  scarcely  to  leave  the  aligbtcat 
behind  them,  to  ihow  which,  in  ?pite  of  their  outraging  all  reality,  and 
even  all  probability,  leave  ns  in  a  horror-stricken  stale ;  such  as,  for  ex-' 
amplo,  the  celebrated  dream  of  the  Emperor  CaligtUa,  in  which  he  thov^t 
tJiat  the  sea  epoko  to  him.  Yet  there  can  be  no  doubt  that  in  all  iheee 
cases,  no  matter  how  indistinct  or  energetic  how  falae  or  how  true,  he 
Coadltlan  harmonioiifl  aa  a  wliolc,  or  how  contradictory  and  grotosqii 
drr  wiikh  the  elements  of  which  all  dreama  are  composed  arc  imi 
divkQia  ariiHi.  gjQ^a  qC  tilings  that  we  have  seen  or  heard,  or  wliich  hare-*^ 
been  otherwiite  submitted  to  the  senses,  the  traces  of  which  »till  remain 
imjirinted  bi  the  registering  ganglia  of  the  brain.  During  the  day,  while 
M'v  are  exposed  to  light,  and  sounds,  and  other  sourceti  of  disturbance, 
impressions  arising  therefrom  totally  overpower,  by  reason  of  their  ne* 
nosa  and  intensity,  these  ancient  reaiducs,  so  that  the  attention  of 
mind,  in  a  state  of  health,  is  ite-ver  directed  to  them ;  but  when  we  cK 
our  cyej^  in  the  silence  of  niglit,  all  auch  external  impre^aions  are  at 
end,  the  organs  of  acnse,  sight,  hearing,  smell,  and  touch,  are  sucvessii 
ly  benumbe*],  and  there  is  nothing  lo  prevent  the  mind  thoa  scpaxal 
'firom  outer  things  from  occupying  it»elf  with  these  old  impreasions, 
one  or  more  of  which,  through  accidental  circumstances,  jircsenta  ilHclf 
in  vigor,  and  a  ilrt'aiii  ia  the  result. 

The  phenomena  of  dreamn  therefore  illustrate,  in  a  Bigniticant  manner, 
the  remarks  that  we  have  made  respecting  the  functions  of  the  cephalic 
ganglia  of  insects  as  magazines  for  the  registry  of  impressions  rcceii 
by  the  organs  of  sense.  Ko  explanation  of  dreaming  can  bo  poesibl] 
gi^-en  without  admitting  for  a  part  of  the  human  brain  a  like  duty.  Tli 
imijortaiit  advantages  which  accrue  to  our  physiological  ex])lanations 
tjie  action  of  the  human  mind  from  the  admission  of  this  doctrine  hav 
already  been  dwelt  upon. 

Connected  with  drftams,  and  being,  indeed,  a  dream  carried  into  acti< 
Soinn«mi.u-  '^  RomnambuHsm,  or  sleep-walking,  of  which  there  are  »ev( 
Uiui.  grades,  from  mere  sleep-conversation  and  sleep-crying  lo 

actual  ]x:rlunnaucc  of  dlfficidt  and  ex-cn  hazardous  feats.  The  ^oung  m- 
fant  evinces  its  discomforts  by  crying  in  its  slumber,  yet  it  can  be 
fortcd  without  awaking  by  the  well-known  voice  of  its  mother, 
dren  often  show  a  propensity  lo  talking  in  their  sleep,  and  can  i^omclii 
be  brought  to  give  a.  few  rational  replies  to  inquiries  put  to  them.  At 
their  lime  of  life,  the  disimaition  is  more  frequently  manifested  to  get  out 
of  bed  and  move  about  tlie  house,  or  even  out  into  the  open  air  under ' 
influence  of  a  dreiim.  "When  sleep-walkiiig  occurs  in  the  adult,  it  is  lit 
ble  to  be  accompanied  by  actions  of  au  apparently  connected  kind,  il 
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their  olyect  may  be  quite  Iriviftl,  and  in  iis  attntninent  coneiderublu  risks 
may  be  ruD.  In  tbcKC  coses  it  seems  &s  if  tin-  iniiul  wan  iiXmolaU'ly  ivrap- 
ped  np  in  one  idea*  and  wholly  unable  tu  comprelicnd  any  thing  else.  If 
the  eyea  of  the  somnaniUitli^t  are  wide  open,  lie  eeea  nothing,  and  eren 
though  a  briglit  light  be  presented  before  him,  the  iris  will  not  contract, 
yet  he  moves  about  iii  a  manner  aa  if  he  were,  in  one  respect,  guided  by 
nnderstanding,  the  air  of  hi.i  movements  being  oa  if  he  knew  what  he 
was  about,  yet  in  another  respect  as  though  he  was  impelled  by  the 
most  unaceountaUe  folly,  walking  along  the  roof  of  the  houiM^  sealing 
himself  on  the  chimney,  and  llnding  his  way  in  safety  over  precipitous 
places,  past  which  it  woidd  be  impossible  he  should  go  if  awake,  no  mat- 
ter bow  stewly  his  head  might  be.  Besides  this  complete  wndilion  of 
aomnambulism  there  are  intermediate  forms,  during  which  iho  rariotui 
aenses  of  seeing,  hearing,  etc.,  are  in  partial  activity.  There  are  aUo 
difliereDcea  in  the  intensity  or  depth  of  the  stale,  as  is  shown  by  the  ease 
or  diflicolty  with  which  the  individual  is  aroused ;  sometimes  to  8|fcak 
to  him  is  enough,  sometimes  he  must  bo  violently  shaken  or  othcnrise 
roughly  treated.  It  has  bocn  obncn'od  in  some  caHCs  that  wliere  the  pa- 
tient spontaneously  wakens  under  circumstancea  (lut  aHrigbl  him,  he  is 
at  oiiee  broken  of  tiie  habit. 

With  dreams  and  somnambulism  is  also  to  be  classed  ttiat  sensation 
which  often  surprises  and  disturbs  us  when  we  are  just  passing  spilmIoo 
into  sleep,  a  sensation  us  though  we  were  suddenly  t'allingdown  ■'"'•'""ff' 
stairs.  TUiiit  with  some  |x:rsous,  is  of  almojat  nightly  occurrence.  Its 
opposite,  an  inability  to  move,  as  though  we  were  oppressed  by  some 
great  weight,  or  spell-bound  in  some  ineomprehen.sible  way,  is  nighttnave. 
In  Ihis  distressing  atVcction  there  is  a  sense  of  oppression  at  xiKkimar*: 
the  cpigartlrium,  and  a  ditheully,  or  rather  impossibility,  of  "*  "'"••^ 
tnonng  or  speaking.  A  frightftil  dream,  in  which  some  alarming  object 
is  depicted  with  intolerable  distinctness,  accompanies  these  symptoms, 
the  attack  terminating  by  a  struggle  to  shake  off  llie  object  of  dread,  or 
W  escape  by  flight,  or  to  speak.  On  awaking,  the  sufferer  finds  himself 
trembling  with  terror,  the  respiration  hurried,  and  the  heart  throbbing 
violently.  The  iiitolleetual  faculties  arc  on  ditlercnt  occasions  in  vari- 
ous states  of  activity,  and  sometimes  the  dream,  and  our  actions  eonse- 
qnent  npon  it,  offer  no  violation  of  reason.  Indeed,  some  individuals  arc 
affected  by  this  trouble  during  the  daytime,  when  they  arc  wide  awake 
and  perfectly  aware  of  what  is  going  on ;  but,  whether  it  occurs  by  night 
or  by  day,  tlie  sentiment  with  which  it  oppresses  is  that  of  un.<<p<^akablc 
dread.  Even  at  night  we  sometimes  are  conscious  of  its  approach,  when 
we  are  in  the  intermediate  state  between  sleeping  and  wakii^.- 

Thu  cause  of  nightmare,  in  all  ili?  variety  of  forms,  in  disturbance  of 
the  respiratory  function,  which,  by  interfering  with  tlie  arterial ization  of 
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the  blood,  affects  thr  brain.  Tins  dwlnrbancc  niay  be  bmngbt  on  in 
manT  ways,  as  by  ihc  prp^snre  of  tlie  stomacli  aficr  a  bcarty  snppcr.  oi 
in  diaoased  condiitons,  such  a«  bydrotborax;  but  it  is  popalacly  ntppond, 
where  these  morbid  conditions  are  not  obWoualy  coDcemed,  to  bo  attrib- 
uted to  sleeping  on  the  bade.  Though  tbia  is  undoubtedly  true  in  a 
ginat  many  instances,  it  is  very  far  from  being  an  essential  condition,  for 
nightmare  may  occur  in  any  position  that  the  Hlcc))cr  may  possibly  as* 
suine.  The  nsstraint  ujKin  the  orifvialization  of  the  blood,  which  appean 
to  be  ita  essential  condition,  intericres  with  the  circnlation  tlirough  the 
longs  on  the  principlea  that  have  been  described  in  a  preceding  diapter, 
nor  can  the  heart  force  a  passage,  however  violently  it  may  throb.  The 
effect  depends  not  so  much  upon  the  apparent  rate  and  power  with  whidi 
the  respiration  is  going  on,  for  any  enibttmufsment  ur  difliculty  in  the  in- 


Irodnctiou  of  air  mendy  leads  to  snoring,  whicli  is  in  no  manner  connecinl 
witli  iughtmar&     The  cause  of  this  latter  aflection  is  to  be  sot^ht  tor  in  1 
the  air-celU,  wliich  are  unable  to  rid  themselves,  with  their  accustomed 


facility,  of  the  carbonic  acid  and  other  effete  products  of  respiration  which 
lliey  contain. 

3d.  or  DkATH.  ^H 

At  all  periods  of  life,  the  functional  activity  of  the  ay-ttem  occasions  a 
CMwniion  of  ^***'-"  °*^  "*  t's^nw  l'.V  the  interstitial  death  of  their  parts,  and 
bdaiiby  ■^ui-  tlicrefore  involves  a  necessity  of  repair.     So  lung  as  the  repa-^^ 
itn.         ration  bahuices  the  waste, a  healtliy  equilibrium  is  mainlmned;^| 
bat  when  the  nutritive  powers  decline,  as  old  age  i^jptoachest  a  gradual 
dolej-ioration  of  the  sytiitem  cnsuee. 

The  ))crio<l  of  grcalcst  actinty  is  also  iliat  of  greatest  waste,  and  of 
the  most  active  and  {icrfcct  rejtair,  interstitial  death  and  the  removal 
decayed  material  tlten  occurring  in  the  most  rapid  manner.     1'be 
of  lil'e  is  liius  dependent  on  the  amount  and  completeness  of  de-ath. 

At  a  later  j)eriod,wiUi  advancing  years,  although  the  loas  of  aubstar 
through  functional  activity  may  be  lessened,  the  renewal  and  restoratiottl 
of  tlic  portions  which  arc  nece&sarily  consumed  are  far  more  rhan  coa«< 
spondingly  diminislied.     Wo  tlius  booome  incapacilated  corporeally  and 
mcntnliy,  and,  if  no  accident  intexvenee,  we  die  tlirough  mere  old  age. 

(Jii  several  occasions  wc  have  already  noticed  the  analogy  between 
DMiliora        'i*^  of  individuals  and  tbat  of  apeciea.    An  analogy  also  ma] 
molefBlcofM  1^  trac^td  in  the  cin'um«iances  and  causes  of  their  death,  for' 
;fmbni,or*      tlte  di;scov<-rie-8  of  geology  abundantly  show  that  thousanc 
■pecka.  0[  gpecies  in  the  organic  aeries  have  become  extinct. 

death  of  a  constituent  molecule  in  an  animal  body,  the  death  of  !!>e  in-' 
dividnol  nnininl  itself,  llie  death  of  the  species  to  which  it  bdonjjs,  are , 
all  philosophical  facts  of  the  same  kind,  though  presenting,  [perhaps,  iqj 
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a  (liflcrciicp  of  iiitrj-eat  and  iiiijiortancc     Tbo  death  ofindi- 
«8  has  been  said,  may  occur  in  two  ways,  by  acci-  y^jmiiMreic 
dent  or  by  old  age.    But  death  from  old  age  is  very  unusual,  ddeai  Bad  iijr 
for  even  in  the  oases  of  those  M-ho  are  very  far  advanced  in  *    '^' 
life,  its  close  is  ordinarily  brought  about  by  some  lesion  or  denngeoient 
of  the  vital  orgutiu,  thus,  in  n>alit y,  constituting  accidental  death. 

31ost  men  desire  tltat  tlicir  lina]  scene  inay  be  attended  with  aa  little 
dcran^mcnt  as  possible  of  their  ordinary  mental  powers,  and  ,.  .  . 
that  it  may  be  very  brief.  If  tliis  constitute  the  euthanasia, 
or  bappy  death,  it  certainly  can  not  l>e  thought  that  extreme  old  age  is 
desirable,  constituting,  as  it  docs,  a  loujjr-cuutinued  and  drearv  disease. 
The  seiiBea  tail  us  iit  tlie  same  manner  and  in  tlie  same  order  that  ihev 
do  when  we  arc  falling  asleep,  their  gradual  deterioration  brmging  na  back 
to  tlio  helplcssncBs  and  imbecility  of  infancy.  In  tin;  long  intcn'ai  dur- 
ing which  thi»  is  going  on,  the  aged  man  is  not  only  a  burden  to  liimseli^ 
but  a  aad  spectacle  to  cverj  one  around  him;  his  perceptions  are  being 
gradually  blunted ;  and  though  ho  is,  as  it  were,  by  degrees  passing  into 
afinal  slumber, it  is  in  thatdisturbcd  way  whiehallhaveexperieiiced when 
they  fall  asleep  after  severe  fatigue. 

The  ditfercnt  |>ortion;s  of  tlie  body  dio  iu  succession:  the  system  of 

animal  life  beforiJ  that  of  onranic,  and  of  the  former  iho  sens-  „    .    , .    . 
.  .,  J.  .  .  , ..     ,  Gf*(hi«]dc«t]i. 

ory  mnctions  mil  first,  voluntary  motion  next,  whde  the  pow- 
er of  muscular  contraction  under  external  stimulus  still  feebly  continues. 
The  blooil,  in  gradual  death,  lirst  ceases  to  reaeh  the  extreiiiitieji,  its  pulsa- 
tious  becoming  less  and  less  eneigetic,  so  that,  failing  to  gain  the  periph- 
ery, it  passes  but  a  little  way  from  the  hcarl;  tlic  teet  and  Iwnds  become 
cold  as  the  circulating  tluid  leaves  tliem,  the  deehnc  of  temperature  gradu- 
ally invading  the  interior.  Ho  one  has  ever  yet  olTered  a  more  accurate 
picture  of  the  appearance  of  the  dying  than  that  presented  by  Hippocrates: 
'*If  the  patient  lies  on  his  hack,  his  arms  stretched  out,  and  his  legs 
honing  dou-n,  it  is  a  sign  of  great  weakness;  when  he  slides  down  in 
the  bed  it  denotes  deatli.  If ,  in  a  burning  t'ercr,  he  is  continually  feel- 
ing about  with  his  hands  and  Bngers.  and  moves  tliem  up  before  his  Duie 
and  eyes  as  if  he  were  going  to  take  away  sometliing  before  them,  or  on 
hia  bcd-corering  aa  if  ho  was  picking  or  searching  for  little  straws,  or 
taking  away  some  sj^ck,  or  drawing  out  little  flocks  of  wool,  all  this  is 
a  sign  that  he  is  delirious,  and  that  he  will  die.  When  his  lips  hang 
relaxed  and  cold,  when  he  can  not  bear  the  light,  when  ho  slieds  tears 
invoinntanly,  wlien,  dozing,  some  part  of  the  white  of  the  eye  is  seen,  mn- 
less  he  usually  sleeps  in  tliat  manner,  these  signs  prognosticate  danger. 
When  his  eyes  are  spaxkluig,  6cnx!.  and  lixcd,  he  is  delirious,  Th>>  iiippo- 
or  soon  will  be  so;  when  tliey  are  deadened,  as  it  wen;,  with  "»t*«C«'«- 
a  mist  spread  over  them,  or  their  bri^tness  lost,  it  presages  death  or 


562 


great  wealcness.     Wh<^  the  patient  lias  Ins  nopc  sharp,  his  eyes 
hia  temples  hollow,  his  ears  cold  and  contracted,  the  skin  of  his  foidiead 
tenso  and  dry,  and  the  color  ol'  bis  face  tending  to  a  jtalo  greou  or  leadco 
tint,  one  may  give  out  for  certain  tliat  doatli  Ir  %'ery  near,  unless  the 
Btrcngth  of  llio  patient  has  bcun  exhauHtcd  all  at  once  Ijy  long  watching^  ^^ 
or  Ity  a  looseness,  or  being  a  long  time  without  eating.'"  ^| 

Even  after  death  some  of  tlie  organic  functions  continue  for  a  time, 
t^iMtorbtm  mOTO  particularly  secretion  and  the  development  of  heat.  In 
uSI'wkd"^*.  *  former  chapter,  page  444,  tlw  capability  of  extnLordinary 
■hnii.  muscular  motions  has  been  referrcil  to.     From  other  intec^ 

esting  observations  on  those  who  have  been  instantaneously  decapitated 
by  the  guillotine,  it  has  been  asserted  that  the  body  can  display  what 
has  iH-en  termed  post-mortcra  |>assion  and  rejy.ntment.  It  may,  however, 
be  doubted  whether  this  is  really  tnto.  FiTha^ui  these  effects  are  only  ^^ 
analogous  lo  those  convulsive  manifestations  which  may  be  oasily  pco-  ^^ 
dnced,  in  an  intensely  interesting  way,  by  the  application  of  voltaic  bat- 
teries to  those  who  ha^-e  been  dead  for  some  lime. 

Physiologists  often  quote  the  seulimeut  of  ilontaigoe,  "With  how 
inKntib'Dt  ^l^c  anxiety  do  we  lose  the  consciousness  of  light  and  of 
iHftnth«aB&l  ourselves."  By  this  they  would  convey  the  idea  that  the 
***'*'*  act  of  dying  is  as  paitdess  us  the  act  of  falling  asleep,  and 

also  as  little  j>orceivcd.  They  recall  the  fact  which  «eema  to  support 
this  view,  that  those  who  have  bo^^n  reroren^d  after  apparent  death  trom 
drowning,  and  after  sensation  has  l)cen  totally  lost,  report  that  they  ha^Tj 
experienced  no  pain  ;  and,  indeed,  when  we  reflect  tluit  tlie  sensory  pow- 
iTS  are  the  first  to  decline,  the  eyo  and  the  ear,  at  an  early  period  in  tbe 
article  of  death,  failing  to  discliargc  their  duty,  and  tlie  gcneml  sense  of 
touch  becoming  rapidly  more  and  more  obtuse,  wo  can  scarcely  put  any 
other  intcrjnrctation  upon  the  tinnl  strugglrs  which  cnnstitutr  wltat  is  so 
aigniftcantly  called  the  agony,  than  that  they  arc.  purely  automatic  and 
therefore  unfelt.  Doubtless  the  mind,  in  this  solemn  moment,  is  some- 
times occupied  with  an  instantaneous  review  of  impressions  long  befon 
made  upon  the  brain,  and  which  otTer  themselves  with  clearness  and 
energy  now  that  present  circumstances  are  failing  to  excite  its  attention, 
through  loss  of  sensorial  jiower  of  the  peripheral  organs,  this  sintc  of 
things  having  also  been  lestilicd  to  by  lliosc  who  hare  been  recovered 
from  drowning. 

Life  closes  at  last  in  various  ways.  Some  pass  away  as  though  they 
were  really  falling  asleep ;  others  with  a  deep  sigh  or  groan ;  others  with 
a  gasp ;  and  some  with  a,  convulsive  struggle. 


DIPFEREJfCES    IN    MEK. 


sm 


CILVPTER  vn. 

ON  THE  INFLUENCE  OF  PHYSICAL  AGEXTS  ON  THE  ASPECT  Aim  FORM 
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m.^Jt*  Atffnt  ami  iMttiml. 

—  Vatatt  o/' (Arte   I'ariiititmii. 
Oottriimaf  the  tfmly  vj' lfi<  tlvntua  IJarr. — Dortrint of  itr  Onytn/rom  mamg  Crfitrm, 
h^hieitrt  ^  Unit  oa  Cotajiiftitm. — Oi«at  of  CHrmtir.  VanaliamM. — Injtmatftof  Ittttt  UUnlraltd 

bji  lAe  etuta  <^  ikt  lada-Ktirejtftmt,  tke  3tt<ingoU,  fie  Ameriran  laditvu,  aiid  the  Jtfrirant^' — 

DialriitHian  of  Oampl^sion  in  Ote  Tro/iiaii  Rata. 
Variatioiu  in  Ihe  Slyklon. — /our  ifodta  ^/'  aumutw)  the  SkvU. — Omufetion  ^' tht  Siap«  of 

tAe  .S4W/  mii  Manner  ^  Uff,~l'iistiml  Camt*  of  Variiaioii  ^tkt  SImB. 
litfbiaiM  of  iSe  AftMQ  ^tM*  IJar  an  CompUrion. — It^hteae*  ^  lAe  Afiion  <if  Ike  IJMt  on  Uif 

F<irm  ijfUe  SiaUl. — Boat  Form  i^  Shdt  arinng/nm  I.im  aa  k€U  tu  tligh  TtrngtmanrtM.— 

JXta/^Hnnua  t^tht  Bti-kmnd  <mH  Bhit-vfid  ilm  ui  £wrope, 
Thr  htfUtrtwat  Qmjititt  ^  yalitMs.—Si/nlhttifaf  ^r'n4i:ftl>t  Ariatic^Anafyliat  Mt»d  ^lie 

f'vraptan. —  TUir  rt^mtirm  CitKtrHmtiaiu  io  ilvtiHin  "I'l  I'ffiiifiiiii       'TjiiiiiiHif  ijf*  ]fiiAllWIWlAl> 

inn  in  A/rvn.^-Sprmui  tjf  (ArUtHoiUy  m  A'Ufrioi.—MtmtKr  oftim  Progmt  ^aU  JVofuM 

in  C^riliiation. 

There  arc  great  diflerences  in  the  aspect  of  men. 

The  portrait  of  Newton  U  iTom  iJio  frontiapioce  of  his  immortal  Prin- 
r'^-^*^  cipia.     "  Docj  he  cat,  DiffermeM  lo 

and    drink,  and   .lecp.  ^S^^;^ 
like  otlier  peoplet"  ask-  mat. 
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cd  the  Marrjuis  de  I'Hopital,  himseli'  a  great  ccmteinporarT  French  niatb- 
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cmfttician:  "  I  represent  him  to  myaclf  as  a  celestial  genhis  entirely  div 
eogagwl  iVotn  niattvr."  AuU,  truly,  trangceudeat  intellect  shiQes  oat  in 
evcay  lineament  of  that  noble  coantenance. 

What  a  contrast  between  the  aatxonomer,  cf  whom  the  human  race 
may  t>e  justly  prouil,  and  the  Australian  ftavagc  whose  portrait  Dr.  Pricb- 
ud  has  furnislicil !  This  nutn  lives  in  a  hollow  tree,  which  he  lias  in 
part  cxcavatetl  by  fire,  and  obtaina  a  precarious  support  from  sbcU-fiiih, 
or  hniiflcd  ants  and  gmss.  He  can  make  a  hook  of  a  piece  of  oyMer, 
and  can  fasten  a  line  to  it.  lie  in  lost  in  tilth  and  vermin.  Ilia  life  is 
like  that  of  a  beast ;  it  is  concerned  only  with  to-day.  The  early  luvi- 
gatont  accused  him  of  conuibalisui.  We  can  not  say  that  his  R-aturea 
acquit  him  of  the  charge. 

lltBloiy  teaclies  us  tliat  a  nation  may  pass  througli  an  ascf^nding  or 
descending  career.  It  may,  by  long-continued  nientul  culture,  exhilut  a 
general  mental  advance,  and  under  such  cirruni<)taiir-r»  may  prodnce,  here 
and  there,  an  intellect  of  the  firrt  order;  op  it  may  go  through  a  couiae 
of  degradation  until  it  reacltea  conditions  inconsistent  with  its  continued 
existence,  and  then  it  dies  out. 

Man  is  accordingly  distributed  over  the  face  of  the  eartli  in  vanoos  con- 
tna.  Me.  .^^^  ditions.     Here  he  pniM^nts 

the  ciiiltzation  of  the  Kuro- 
pean,  there  the  abject  miMH 
ry  of  the  Australian.  What 
more  humillattDg  spectacle 
could  be  oifered  to  us  than 
the  annexed  engra^ii^i  Z^ 
ure  268,  from  M.  d'Urvillo? 
Even  a.  negro  of  Guinea 
might  look  down  on  such  a 
s[)ecimen  of  human  imbedU 
ity  and  physical  weakness 
with  contempt,  and  refiiM 
to  reco^iize  such  a  bang  as 
a  muii  at  ail. 

Wliat    is    it    that    has 
brought  this  man  and  bis 
companion  to  such  a  paast 
-iniiMK  An  almost  tropical  son,  a 

vfiliwa  peatiluiitial  climate,  starvation,  nakedness,  the  want  of  abfil- 
difftnacta.  tcr,  personal  fear:  tlicsc  have  done  their  work  ou  the  suo 
cessivo  generatioitH  uf  his  iniuenLble  ancestors,  who  hare  been  forced  firom 
step  to  step  in  a  descending  career,  and  here  is  tho  result 

Among  the  causes  which  influence  the  aspect  of  man,  there  arc  two 
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which  arc  pnj-<'TnineTit :  hoat  ^cterminen  his  complexion ;  social  condi- 
tion the  ibnn  oihia  Irain,  and,  tbercfon*^  that  of  hi«  skull. 

The  aspect  of  man  in  form  and  ciotiv  OHcillatcs  between  two  oxtremeB* 
Snbmiilcd  for  a  duo  time  ly  a  Jiigh  tempemture,  any  race,  ^^-.  j  j. 
irrcapectively  of  its  original  color,  will  become  dark ;  or  if  to  KMtorhanuu 
a  low  tcinperatnre,  it  will  become  fair.  Under  aoch  condi-  **8"''»»*«* 
tioiia  as  will  be  sat  forth  in  this  cliaptcr,  it  will  pass  to  the  elliptical ;  tin- 
der others,  to  the  prognathoiw  form  of  skull.  No  race  ia  in  a  state  of 
absolute  equilibrium,  or  able  succyssfixll/  to  maintain  its  present  physi- 
ognomy, if  the  circuni stances  under  which  it  lives  undergo  a  change.  It 
holds  itself  ready,  with  equal  facility',  to  descend  to  a  baser,  or  rise  to  a 
more  elevated  state,  in  corrcapondemxi  with  those  circuraatanccB. 

I  tliink  that  thi«  principle  has  not  Wn  rccogiiir-ed  with  sufficient  dis- 
tinctness  by  those  who  have  studied  the  ratural  historj-  of  man.  They 
have  occupied  thcmsolvca  too  completely  with  the  idea  of  tixity  in  tl^ 
a8|)ect  of  human  families,  and  liavc  treated  of  them  aa  though  they  were 
perfectly  and  definitely  distinct,  or  in  a  condition  of  equilibrium.  They 
have  described  them  aa  they  are  found  in  the  various  countries  of  llie 
globe,  and  since  tlicse  deacriplions  remain  correct  during  a  long  time,  tlie 
general  ini'crence  of  an  invariability  has  gathered  strength,  until  some 
writers  are  to  be  found  who  suppose  that  tliere  have  been  as  many  sep- 
arate creations  of  man  as  there  nre  races  which  can  be  distinguished  fnva 
each  other.  We  are  petpetually  mistaking  the  slow  movements  of  Na- 
ture for  absolute  rust  We  cunfound  temporary  equilibration  with  final 
etjailibrium. 

Man  can  not  occupy  a  new  climate  without  an  organic  cliange  occur- 

rinc  in  his  economy,  which  by  degrees  comea  to  a  corre-  ^ ._ 

apoudcnoe  wiUi  ttic  conditions  by  which  it  \n  anrroundet).  ofduiuiteua 
In  this  career,  each  individual,  as  a  member  of  one  genera-  *"** 
tion,  may  only  make  a  [wirtial  advance,  for  different  iation  most  commonly 
occurs  in  the  early  periods  of  embryonic  life,  as  described  at  page  606; 
bat,  since  all  individual  peculiarities  are  liable  to  hereditary  tiansmiadon, 
the  cumulative  effect  becomes  strongly  marked  at  last.  Ho  dominating 
ia  tlie  control  which  physical  influences  exert  over  us,  tlutt  invariability 
of  our  aspect  for  several  generations  may  be  received  as  a  proof  that  those 
influences  have  been  stationar)*  in  kind  and  degree  In  such  a  perfect 
manner  is  that  as|X<ct  dc[»endent  on  them  that  it  is  tmly  their  rcprescnt- 
In.     If  they  change,  it  must  change  too. 

I  do  tiot,  therefore,  contemplate  the  human  raoe  as  coiiststing  of  vari- 
eties, much  less  of  distinct  species,  but  rather  aa  offering  numberless  re{K 
reaentations  of  the  different  forms  which  an  ideal  type  can  be  made  to  as- 
same  under  exposure  to  different  conditions.  1  believe  that  that  [dnl  tj^ 
ideal  ty|)c  may  stdl  be  recognized,  even  in  cases  that  otfcr,  when  "^  '■*■• 
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omnpaml  togetlior,  complete  discordmnccit ;  and  lluit.  if  such  an  UluAtn- 
uoii  be  pcrinis^ible,  it  is  like  a  general  expression  in  algebra,  which  gives 
riw  to  ilifiercnt  results  according  as  we  assign  difierent  Talnes  lo  it* 
quantiticH,  yet  in  every  one  of  those  resulta  tlic  original  cxpieHsion  exist*. 

From  this  it  thorcfore  follows  tliat  tiicrc  is  a  capaliility  of  mctamor- 
phoeis  or  transmutation  from  fomi  to  form ;  that  the  homan  system  |k» 
aesses  no  iiilierent  resistance  to  change,  no  physiological  inertia,  but  will 
pass  inditl'urently  upward  and  downward,  toward  perte<:tion  ur  toward 
d^radation,  as  ciicumstances  overrule,  yet  is  it  the  same  human  system 
throughout.  Nor  ia  it  of  any  consenjucnce  tliat  tlic  progress  of  theac 
Tinamaidnd  ^^^^^'K*^^  "'"7  ^»  *^  "^^  tCTvi  ilimii,  lanly,  and  thRt  for  their 
br  phrrtokg-  completion  a  Jong  time  may  bo  required.  £ven  a  tnoss  of 
JcmicfcAinie.  jnta-ganic  matter  —  a  rock  —  transferred  from  the  equator 
toward  the  pole,  or  from  the  pole  to  tlic  equator,  would  not  change 
its  temperature  to  that  of  the  new  locaUty  at  onoe ;  it  would  come  lo 
its  destined  equilibrium  in  a  gradual  way,  in  a  time  dejiending  on  its 
mass  and  conducting  {Kiwcr.  We  should  not  impute  its  slow  manner 
of  }*iclding  to  any  itilierent  principle  of  resistance  whicli  it  possessed. 
The  pliysiulugical  metamorphosis  of  man  ts  an  affair  of  centuries.  The 
unirerital  recognition  of  the  principle  that  such  changes  arc  po.ssil>lc  lies 
at  tlic  bottom  of  all  our  attempts  to  elevate  communities  by  omclioratii 
their  social  condition  and  by  education. 

In  the  remarks  which  t'ollow,  it  wdl  therefore  be  imderstood  tliat  I 
ceive  the  classiticatton»  of  lUumenbach  and  other  autltOTS  as  ofibring  a 
oouveuicnce  in  description,  but  do  not  attach  to  them  any  essential  sig- 
nificance. 

Though  plants  and  animals  arc  limited  to  certain  localities  of  tlic  earth** 
iiAbfu  atdit.  surface,  some  species  being  formed  in  one  and  some  in  an- 
ftrat  B«iio*ij.  other  region,  the  human  family  lives  indifferently  all  over  the 
sotfiue  of  tite  globe.  It  occupies  countries  where  the  thcrmometor  &Us 
to  50^  below  zero,  or  where  the  temperatore  of  the  midday  sun  ia  160'*. 
In  thi>Kc  dill'crcitt  climates,  the  most  marki^  diffcrcneett  in  color,  stature, 
tx>nfonnation,  and  luibits  arc  exhibited,  there  being  every  shade,  from 
a  jet  black  to  a  tair  white ;  every  stature,  from  the  pigmy  Ksquiinatu 
and  hapkiiilcrs  to  the  tall  I'alagonian ;  every  variety  of  facial  angle,  from 
that  acute  one  which  cliaractcrizcs  tltc  ape  to  the  classical  aspect  uf  the 
Greek,  which  U  more  than  90'^ ;  every  pursuit  of  life,  hunting,  fishing, 
the  keeping  of  tlocks,  agriculture;,  commerce,  and  the  arts  uf  civilized  so- 
ciety. To  these  might  be  added  the  use  of  every  variety  of  food,  from  a 
wrclclied  subsistcucv  on  wonns  and  roots  scratched  out  of  the  ground  to 
the  luxurious  habils  of  the  e{»i:ujc ;  every  grade  of  locomotion,  from 
those  who  never  lej^ve  the  hill  or  valley  where  they  were  bora  to  those 
who  arc  j)crpctually  wandering  all  over  a  continent,  nay,  evoa  all  ow 
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the  glolte.  There  miglit,  too,  be  added  every  variety  of  chflractcr  and 
every  degree  of  intellecluality.  Among  the«  difterences,  tjie  variations 
of  language  are  by  no  means  the  least  important.  It  is  estimated  tliat 
more  llum  three  thousand  dialects  arc  spoken. 

Auiuiig  thei«c  races  ccrlaiji  common  traditions  prevail,  biBtorical  xem- 
iniacunces  handed  down  from  one  guncratiun  lu  another,  Tradidemor 
which  convey  tlie  deeds  of  ibmier  great  men  who  have  either  »»''<'•«»■ 
distinguished  theuiKclvea  by  their  achievements  in  war  or  by  their  ,in- 
rentiotiii  in  the  peaceful  arts;  traditions  which  have  alao  communicated 
the  religion  or  die  euperstition  of  the  ancient  time«,  and  which,  among 
people  iiihabitin|{  counlriea  remote  Irom  one  another,  present  such  aa  as- 
pect of  sunicnc5s,  that  wc  must  either  refer  thetii  to  one  common  aud  more 
ancient  source,  or  regard  them  aa  arising  from  analogous  |M»:uliaritiea  in 
the  mental  structure  of  the  w]ioIe  race 

Tlicrc  can  not  be  a  doubt  that  in  the  lapse  of  many  agca  the  tnflti- 
eticc  of  external  phyaical  Agents  must  have  made  a  marked  i„*„_,«rf 
impression  upon  the  origirmi  cliaraclersof  men.     l"cw  ques-  i»ni«i  mK-nu 
tiona  have  beeu  more  critiually  discussed  ihan  the  extent  to  ""  "»"""*■ 
which  tliis  diange  of  aspect  by  physical  agents  con  go,  many  naturalists 
believing  tliiit  the  sole  cause  of  national  difference  is  the  ioflueuce  of  cli- 
mate or  tcjni^eratare — an  inflnent-t;  ^\'Iiii:h  is  sufficient  to  account  for  all 
other  organic  peculiarities  we  have  just  specitied ;  for  if  we  admit  that 
the  some  original  germ  may  develop  itnelf  into  countlcas  forms,  accord- 
ing as  it  has  been  exposed  to  dlAerent  physical  agents,  much  more  is  It 
probaMe  that  the  various  races  composing  tlie  human  family,  exposed  aa 
they  liavc  been  to  diflenjiit  physical  clrcumstancos,  may  by  dti^reus  have 
assumed  Uiu  disconlant  leatim^  they  present,  although  they  have  de- 
*cended  from  one  original  stock. 

Here  wc  shall  have  to  consider  tho  weight  which  should  bc^  attached 
to  u  vttry  remarkable  observation  wliich  has  of  late  been  GwgnfJiiwl 
made  as  respects  the  distribution  of  man.  With  n*gard  to  SSti!"i^''' 
plants,  it  has  long  been  known  that  they  are  grouped  round  naiaiMidiiiui. 
oertain  centres,  which  may  be  regarded  aa  their  foci  of  origin,  and  one  of 
gacb  groups  compared  n'ith  anotlicr  presents  striking  contrasts ;  the  veg- 
etation of  Central  .\frica  is  wholly  distinct  front  tJiat  of  Kuropc,  the  veg- 
etation of  Eurojte  ilistinct  iirom  that  of  North  America,  and  this,  again, 
from  New  Holland.  There  are  no  laurina*  in  Clentral  Afi-ica,  no  heaths 
to  the  New  World.  The  forests  of  New  Holland  gain  their  most  strik- 
ing features  from  their  leafless  acacias  and  eucal^-pti.  So,  >n  like  man- 
oer,  there  arc  foci  of  origin  and  circles  of  distribution  as  rcgaids  animal 
life.  The  fauna  of  vVsia  is  wtioUy  dist<imilar  &om  tliat  of  Kuropc.  the 
fauna  uf  Kuru{)C  is  dissimilar  from  that  of  North  America,  and  this,  again, 
irom  that  of  Africa  and  New  Holland.      Without  spcciJying  details,  w« 


568 


OKIGIN  OP  NATIONS. 


vaay  recall  tliat  the  liipjiopolumus  and  cai)icloi>ftriI  are  natiTes  of  Afria, 
an<:l  are  restricted  to  it :  tlie  ti^^cr  is  a  native  ot'  India;  tbe  amimdillos 
ancl  anl-eatns,  of  Hoiitl)  America :  tbe  kangaroo  and  ornithorhynditu,  of 
New  Holland.  Tiic  cartli's  surface  might  thus  be  divided  into  regiooa 
IMT  ivalms.  eacl)  possessing  its  own  special  flora  and  fauna.  And  more 
than  tlii«.  llie  oceans,  too,  miglit  in  like  manner  be  parted  oC  and  tbi« 
not  only  as  regards  tbeir  surface,  but  also  in  strata  at  diifercut  deptitK. 
Now  these  Iwtanical  centres  and  circles  nie  coincident  with  the  zuotogical 
centres  and  circled,  and  hence  there  lias  arisen  the  idcn  that  such  centres 
have  been  truly  points  of  original  dcreloptm-iit,  lK>th  for  one  and  the  oth- 
er of  tlicsc  natural  kingdoms,  and  that  the  globe  has  not  been  tiilcd  bjra 
process  of  diHi>crsion  or  ditfusion  from  one  point,  but  co-ordinately,  and, 
perhaps,  contemporaneouxly  from  many  such  fod,  and  that  n'e  can  still 
recognize  the  ponition  ot'  these  foci  by  a  critical  study  of  animals  and 
plants. 

As  to  the  discussions  whieb  have  of  late  years  arisen  on  this  question. 
Tint  two  hy-  the  reader  may  refor  to  the  work  of  Drs.  Nott  and  GHddon 
wietaofjwi?"  ""  *''*  ^yV^  ^^  miuikind  for  arguments  in  support  of  a  roul- 
tiam.  titude  of  centres  of  human  origin,  and  to  that  of  Dr.  Prich- 

ard  on  (he  natural  hislor}'  of  man  for  those  in  belmlf  of  the  atiity  of  the 
race.  In  these  works,  respodively.  will  be  found  most  ol'  tlit;  facts  hith- 
erto brought  forward. 

In  the  former  of  thetie  works,  Professor  Agassie  draws  attention  to  tbe 
p^ijj^ijj^  ^  circumstance  that  all  around  the  Arctic  circle,  and  therefore  in 
Pwfcfw  every  longitude,  is  to  be  found  one  race  ottering  characters  that 
■^'*'"*'  are  strikingly  homogeneous  in  aspect,  intellect,  and  habita  of  life, 
K|)re8cnted  in  America  by  the  Kstjuimflux,  in  Knropc  by  the  Xjiptanders, 
and  in  ^Vsia  by  the  Samoicdcs.  These  live  in  a  region  of  whidi  tbe 
Fiorti  f  >i  fiuno  *Dd  flora  are  likewise  homogcnoouB.  It  h-isevervwhcir 
u4  bnnuui  tho  somc  dreary  cx]MUises,  covered  with  dwarf  birches,  moas- 
*™"^'  eft,  and  lichens ;  in  its  waters  there  are  tbe  same  6she«,  ju 

the  salmon,  and  tlie  same  molluscs  and  cclunoderms.  In  tlic  air  it  has 
tlic  same  birds.  Among  its  mammala  found  thus  with  uniformitr,  tbe 
white  bear,  the  reindeer,  the  walrus,  and  the  wliale  may  l>e  mentioned. 
With  a  special  fauna  thus  coinciding  with  a  special  flora,  tliere  ia  also  a 
special  variety  of  man. 

Wliat  has  hcru  been  said  respecting  ^Vrctic  life  may  fao  genermliaod. 
Each  of  the  coincident  Horal  and  faunal  circles  has  its  own  species  of 
man. 

Thus,  in  the  temperate  imne,  may  be  distinguished  three  such  primary 
iviJins,  each  of  which  is  distinct  as  rcgnrds  its  botany  and  zoology :  and, 
in  correspondence,  we  find  that  in  the  first,  in  the  countiy  of  the  Mongo- 
lians, to  the  east  beyond  tlie  Caspian  fSea,  there  ore  nations  whose  roni> 
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«xion  is  yellow ;  in  the  second,  upon  the  sliore  of  the  Mediterranean 
and  tbrotighout  Europe,  there  are  others  whose  complexion  U  white;  in 
the  third,  in  America,  othcars  whoac  complexion  is  red ;  and  thougli 
these  three  widcly-cxte-nded  races  tooch,  tipon  their  north  l)oondflr>',  the 
homogenous  Arctic  inhnbilants.  in  every  res[)e.ct  they  inav  l>e  distin- 
guished Irom  them.  The  tem{>erature  of  the  zone  in  which  they  lire 
ranges  from  32°  to  74^ ;  it  pennits  the  growth  of  pines,  nut  and  fruit 
trees,  and  among  its  animals  might  be  mentioned  the  bear,  the  wolf,  the 
otter,  the  deer,  the  squirrcj,  and  the  nit;  these  animaln,  however,  respect- 
iTcly  exhibiting  striking  differences  characteriHtic  of  tlicir  three  focal  cen- 
tres: the  hlack  bear  belongs  to  North  America,  the  brown  bear  to  Europe, 
and  the  bear  of  Thibet  to  ^Vsio.  The  Knropean  utag  finds  its  American 
aiial<^ic  in  the  wapiti,  and  in  Aaia  in  tlie  musk  deer.  The  wild  ojt  of 
Lithuania  differs  from  tlie  North  American  buffalo,  and  this,  again,  from 
the  Mongolian  yak.  Even  among  phuits  the  same  differences  may  be 
tnced ;  tlio  pines  of  Kurope  an;  not  the  same  as  the  pines  of  America, 
and  thus  it  would  apjiear  that  each  of  the  three  great  organic  circles  be- 
longing to  the  temperate  zone  Ims  a  flora^  a  funna,  and  a  human  species 
of  its  own.  ' 

The  same  general  restilt  might  be  established  for  the  tropical  regions, 
and  special  cetttrcs  assigned  for  Africa,  Malaya,  and  Polynenia. 

In  view  of  this  distribution  as  connected  with  habits,  Dr.  Prichard  thus 
expresses  himself  in  liis  Natural  Hifttory  of  Man:  "T-^t  us  ii»i.iu  of  n*. 
imagine,  for  a  moment,  a  stranger  from  another  planet  to  visit  '*««■ 
our  glolie,  and  to  contemplate  and  compare  the  manners  of  its  inliabit- 
attU,  and  let  him  Hrst  witness  some  brilliant  spectacle  in  one  of  the  high- 
ly-civilized cotmtries  of  Enrojw:  the  coronation  of  a  monarch,  the  in- 
Btallatiun  of  St.  Ijouis  on  the  throue  of  his  ancestors,  surrounded  by  an 
aognst  assembly  of  [lecrs,  and  barons,  and  mitred  abbots,  anointed  from 
the  cruise  of  sacred  oil  brougfil  by  an  niigcl  to  ratify  the  divine  privilege 
of  kingx;  let  the  same  person  ho  carried  into  a  hamlet  in  Negroland,  in 
the  hour  when  the  sable  race  recreate  themselves  with  dancing  and  bar- 
barous music;  let  him  then  ho  transported  to  the  saline  plains  over 
which  bald  and  tawny  Mongols  roam,  ditfering  but  little  in  hue  from  the 
yellow  soil  of  tlieir  steppes,  brightened  by  the  sallVon  llowers  of  the  iris 
and  tulip ;  let  him  be  placed  m^'ir  the  solitary  den  of  the  Bushman,  where 
tlie  lean  and  hungry  savage  crouches  in  silence  like  a  beast  of  prey,  watch- 
ing with  tixed  eyes  the  creatures  which  enter  his  pitfall,  or  the  insects 
reptiles  which  chance  brings  within  his  grasp;  let  llie  tmreler  be 
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carried  into  the  midst  of  an  Australian  forest,  where  the  squalid  com- 
panions of  kangaroos  may  be  seen  crawling  in  procession  in  imitation  of 
quadrupeds ;  can  it  be  sn]>posed  llmt  such  a  person  would  conclude  the 
various  groapa  of  beings  whom  he  had  sorveyed  to  be  of  one  imture,  one 
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tribe,  or  the  ollspting  of  the  naine  originnl  ittock  Y     It  is  much  more 
able  that  he  would  arrive  at  an  opposite  conclosion.' 

On  this  it  limy  be  remarked  that  much  would  depend  on  the  previous 
training  of  the  illuBtriouH  f>tr:itigt>jr.     If  his  mind  had  becu  imbued  witbt 
a  b(^tter  philosophy  tlian  tliat  wliicli  prevails  in  this  our  lovrcr  world,  in 
might  look  with  an  equal  eye  on  the  transitory  fashions  before  him.  and! 
penetrate  to  the  first  principlea  of  things  through  the  false  ghutj  of  pomp 
or  through  dcbaArmcnt  and  degradation,  and  so  arrive  at  a  condtudon. 
prociiiely  the  opposite  o(  the  foregoing,  tn  the  same  manner  as  baa  D&j 
Friclmrd  himself. 

For,  from  such  an  elevated  point  of  view,  th«  plumed  pageant  of  civ-^ 
iliscd  life  might  only  appear  to  be  a  moditied  pbane  of  the  oerenionialj 
of  equinoctial  Africa,  where  the  inhabitants,  on  their  festive  occasions, 
adoni  their  naked  bodies  with  Icavcis  and  present  oblations  of  palm  oil 
with  many  genuflexions  io  their  chicis  and  eiicluinlurs.     Bciiefttk  the 
feathers  in  the  one  case,  and  the  leaves  in  the  other,  he  might  discern  the] 
same  ruling  idea,  and  detect  the  same  bnrnan  nature;  or,  if  his  visioo' 
could  reach  into  the  past,  and  recall  the  credulous  Greek  worshiping  be- 
fore the  e:cqutsitely  perfect  statues  of  the  deities  of  his  country,  beececfaing 
them  for  sunshine  or  for  rain,  and  then  tiu'n  to  the  savage  Amalmaiuwlto 
commences  his  ^ta  by  taking  a  vomit,  and.  tur  want  vil'  a  better  goddess, 
adores  a  dried  oow^s  tail,  imploring  it  for  all  eartlily  goods,  and  particti- 
larly  to  pay  his  debts — again  the  same  principle  would  emerge,  onlv  il 
lustratcd  by  the  circtunstniicc  that  the  savage  is  more  thorough, 
earnest  in  his  work. 

In  fact,  wherever  we  look,  man  is  the  same.     Stripped  of  cjEtcrior  cov^' 
BMeniblantiM    cHngs,  tlieie  Is  in  every  climate  a  common  body  and  a  com- 
aatcas  b«i»oi».  k,q|,  mind.     Are  not  all  of  us  liable  to  the  same  diKmes  ? 
Have  not  all  a  tendency  to  exist  the  same  length  of  time?     I»  it  tbc 
temperature  of  our  body,  the  beat  of  the  pulse,  the  respiration  tliat  woi 
observe — are  they  not  every  where  alike  ?     Or,  lumlng  to  the  mantfesla*| 
tions  of  the  mind,  is  there  not,  among  all  the  tribes  of  otu*  race,  a  belief 
in  the  existence  and  goodness  of  God  ?  in  unseen  agents,  intermodiaic 
between  him  and  ourselves  ?  and  In  a  future  life  ?     Do  we  not  all  put  a 
reliance  in  the  eliicacy  of  prayers  ?  and  all,  in  our  youth,  have  a  dread  of 
ghosts  ?     liow  many  of  ns,  in  all  parts  of  the  world,  attach  a  value  to 
pilgrimages,  sacrificial  offerings,  fastings,  and  unlucky  days,  and  in  out 
worldly  prooeedings  am  guided  by  codes  of  law  and  ideas  of  the  nator^J 
of  property  t     Have  we  not  all  the  same  fears,  the  same  delights,  the 
same  aversions,  and  do  wc  not  resort  to  the  uso  of  fire,  domestic  animals, 
and  weapons  t    Do  we  not  all  expect  that  the  differences  which  surround 
us  here  will  be  balanced  hereafter,  and  ihat  there  are  rcwar<I»  and  punisb- 
ments  ?    Is  there  not  a  uommon  i  nterpretalion  of  all  tlie  varie<l  forms  ot 
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ceremonies?  a  common  sesitinient  ot'lhc  sacrednesft  of  tlic  lombt 
Have  we  not  always,  and  <lo  wc  uot  every  wliete  set  apart  a  saccrdotid 
order,  who  may  nitHliate  for  U8  ?  In  our  less  advanced  civUixatioii,  do  we 
not  oU  believe  in  sorceries,  witches,  and  cliarms?  It  signitius  nothing 
m  what  particular  fonn  our  mental  conceptions  are  embodied ;  it  is  the 
conception  that  conccni.^  uEt,  ami  not  the  asjicct  it  has  assumed.  Thiu 
equally  do  the  views  of  the  various  nations  demonstrsilo  their  innate  be- 
lief  of  a  future  world — the  undisturbed  hunting-ground  of  tlie  American 
Indian,  the  voluptuous  Taiailise  und  society  of  the  Iiouris  of  the  Ara- 
bian, or  the  snow  hut  of  the  Ksquinuiujc,  in  which  tJio  righteous  feed  on 
tbo  blubber  of  whales. 

Turning  our  attention  to  Uic  influence  of  temperature,  it  may  be  ob- 
served that  the  development  of  coloring  matter  in  iho  skin  do-  inHnenceof 
penda  on  tlie  heat  to  winch  wo  are  exjioBed.  Generally,  it  o^"ihe«im^ 
might  therefore  appear  tliat  there  should  be  a  correspondence  piexUn. 
between  the  complexion  and  the  latitude  of  the  place  of  our  abode,  the 
skic  bciug  darker  as  we  upproaeh  lbe  equator,  and  fairer  toward  the 
po^s,  because,  since  all  the  Jieat  that  we  receive  comes  from  the  sun, 
the  anioiuit  which  is  furnished  to  iis  dcjKnds  upou  tlie  oblicjuity  of  his 
cays,  and  therefore  ui>on  tlie  latitude.  But  this  is  true  only  in  a  very 
general  way,  and  many  excejjtions  at  once  spontaneouBly  suggest  them- 
selves.    I  may  point  out  some  of  thenc  variaticTis. 

The  temi^erature  of  a  place  depends  on  tlu^e  leatting  circumstances, 
its  latitude,  its  elevation  above  the  sea,  mid  on  meteorolog-  Cananoriootl 
ical  conditions.  Res|M!ctiiig  the  latitude,  noiliing  need  be  "■"!»«»»"«• 
added  to  the  remarks  already  offered;  and  as  regard;^  the  influence  of 
elevation  above  the  sea,  it  is  to  be  rememln'red  that  there  is  a  decline  of 
lempcralure  as  wc  ascend  in  the  atmosphere  from  any  point  of  the  globe, 
and  for  this  reason,  as  has  been  already  explained  at  page  473,  even  on- 
der  tlie  ctjuator  tiiero  will  be  an  ormngcment  answering  to  climates  on 
ever^'  high  mountain,  its  top,  if  8u£icieiitly  elevated,  being  covered  with 
■  pefpctual  snow.  Of  uietoorologieol  cojiditions,  it  may  be  said  that  they 
are  so  numerous  as  to  render  it  almost  impoKsihlc  to  give  a  full  and  yet 
brief  statement  of  tlicm,  but  as  illustrations  may  be  mentioned  ihi;  prox- 
imity of  the  sea,  or  of  great  desert  tracts,  ocean  currents,  the  prevailing 
winds  ;  thos,  in  our  hemisphere,  a  north  wind  predominating  towers  the 
mean  temperature  of  the  place,  a  south  wind  tends  to  raise  it;  and  ihas. 
also,  the  great  desert  of  Sidiara  and  the  American  Golf  Stream  increase 
by  many  degrees  the  tcni)}cratuxc  of  Eurojie. 

For  such  reasons,  therefore,  the  lines  of  equal  heat  do  not  correspond 
to  the  parallels  of  latitude,  but,  as  an  inspection  of  a  chart  of  them  will 
ahoir.  deviate  greatly  therefrom. 

In  treating  of  the  induencc  of  heat  on  plants,  it  was  shown  that,  when 
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we  tnako  onr  examination  in  n  critical  manner,  tbc  proMcm  is  not  so 
pie  as  appears  at  lir«it  sight,  and  that  there  are  eevenil  different  reUtioiu 
of  the  heat  which  most  be  considered.  Thus  the  gcograpli y  of  plants  is 
not  vrhully  determined  by  the  moan  temperature  of  the  whole  yesr.  onr 
by  tho  greatttst  heat  of  the  Btimmer,  nor  the  greatest  cold  of  winter;  tb«t 
is  to  say,  tt  neither  follows  the  iBotJierma],  isotheral,(ior  isochimenal  line*. 
Moreover,  the  laxuriancc  of  veg«tniion  is  not  »o  much  dependent  upon 
tbc  temperature  or  intensity  of  heat  as  it  is  opon  the  qtiantity.     Thew 

intoiAr  kiid  w™'""*'^  "I'p'y  *"*''  much  force  to  the  case  now  before  m, 
quntitjr  of  for  the  cliange  of  complexion  ia  not  do  iiiucIi  d^>endent  upon 
Mteenp«nd.  ^^^  intensity  of  licat  determined  by  the  thermometer  ab  it  it 
upon  the  ahsolnte  annual  quantity ;  for,  though  these  conditions  of  it 
tenaity  and  quantity  of  heat  ore  esRentially  distinct,  yet  it  will  gcncnllT 
hap|)cn  that  they  may  increase  or  diminish  together,  witliout  there  beii 
an  absolute  corre8|»ndcncc  between  them.  There  can  be  no  doubt  i\ 
the  quantity  of  heat  annually  funiiahod  in  Guinea  rastly  exceeda 
quantity  ammally  funii«I)ed  to  any  part  of  tropical  .UnericaL  It  is  upon 
ttiia  condition,  and  not  upon  the  height  of  the  thermomettir,  that  the  dark- 
ening  of  tho  human  complexion  depends. 

To  tlic  reader  who  in  not  familiar  with  the  teclmicalitios  of  Katt 
Philosophy,  an  ex|ilanatory  illustration  of  tho  Htalement  hem  mode 
be  of  valnc.  If  he  will  suppose  that  he  examines  a  wine-ghuts  of  watt 
boiling  hot,  and  a  gallon  of  tepid  water  by  a  tJiermometer,  he  will 
that  that  instrument  will  stand  mud)  higher  in  the  wine^taas  tlum  iit' 
the  gatloD.  But  if  ho  proceeds  to  determine  how  much  ice  the  two  po> 
tions  of  water  will  respectively  melt,  he  will  Jind  tliat  the  greatest  cfib 
is  produced  by  the  lukewarm  water.  We  say,  Uicrefore,  that  ttiougli  ll 
thermometer  has  indicated  the  intensity  of  tiio  heat  in  Ibo  two  portions 
of  water  respectively,  that  is  to  say,  their  temperatures,  it  lias  not  indi- 
cated t)»e  quantity  present  in  each,  but  the  melting  of  the  ice  has  revealed 
the  fact  that  tlie  tepid  water,  by  reason  of  its  lai^r  proportion,  contains 
a  hirger  quantity  of  heal. 

It  may  be  repeated,  therefore,  that  the  absolute  qnantity  of  heat  an^ 
nually  furnished  to  any  locality  in  by  no  means  indicated  by  the  miud- 
mum  height  to  which  the  thermometer  will  rise  in  the  summer  aeasoi 
yet  it  is  upon  that  condition,  quantity,  that  the  tint  of  the  oorai 
depends. 

That  climate  does  thus  influence  color  is  clearly  demonstrated  by  the 
Qu«nUiy  or  '"*^*  *''"*  *  family  of  men,  indisputably  deri%*cd  from  a  omd- 
hMt  [nflu«ni.'»«  mon  stock,  have  different  complexions  in  ditterent  connuies. 
Mup  cic  0.  r|^jj^  Jews  of  the  nortli  of  Kuropc  are  fair  men,  often  Jiavii 
red  bc&rilN  and  blue  eyes.  As  we  trace  them  in  tlicir  southeasterly  dii 
tributton,  their  color  deepens  by  degrees.     In  tlieir  original  coiuiti7  tfaeX| 
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ny,  still  farther  On  tliey  arc  deep  brown,  and  in  Malabar  almost 
A  Dioro  inttrrt^sting  and  more  general  iiistanco  is  offered  by  the 
raoR  to  which  wo  belong,  i\w  Indo-European,  wliieli  reacliea.  in  one  un- 
broken column,  aerosB  WestCTn  Asia,  througli  Europe,  I'rom  Uindostan  to 
ihe  Hritish  Islands.  That  this  is  one  homoffcneons  family,  derived  from 
a  common  fltoi^k,  is  proved  beyond  all  pnsRibility  of  a  doubt  by  tlie  affin- 
ities of  itft  langnagea,  all  showng  a  relation  to  the  ancient  Sanscrit, 
and  even  betraying,  by  their  varied  designations  of  certain  objects,  in  un 
approximate  inanufr,  the  time  at  whicli  tlic  progre&d  ot'  this  culuuiu  was 
made — tJiat  it  was  anterior  to  the  introduction  of  tlie  metals,  in  the  age 
of  stone,  as  sonic  authors  have  designated  it,  when  weapons  and  imple- 
ments of  that  material  alono  were  employed,  for  the  names  of  the  metals 
are  difletcnt  in  many  of  the  diiferent  langnages  of  this  race. 

But  how  is  it  as  regards  the  complexion  of  the  Indo-Kuropeana  t  To 
the  norlhwcat  it  is  light,  but  it  darliena  toward  the  extreme  V«ri«cfcni«  im- 
soatheast  in  India,  the  distribution  in  this  respect  having  YJ^jI^Eu™^ 
been  donbtlcss  much  better  marked  in  former  tiroes,  before  ibc*. 
it  was  distarbc<l  by  the  influences  of  civiUzation.  Tims  the  Roman  au- 
tbors  8i)eak  of  the  northern  Ocrmans,  of  the  Britons,  and  the  (lauls,  ae 
being  red-Iiiiired,  hinc-eycd,  and  very  light  in  their  complexion.  It  is 
not  to  be  understood,  however,  that  tbft  tint  deepens  through  various 
ahades  of  olive  and  brown  by  a  steady  progress  as  we  pass  toward  India, 
tor  the  physical  jirinciplcs  on  wliidi  we  hiive  been  dwuLUiig  woidd  pr&> 
pam  us  to  cxiiect  that,  whenever  we  reach  regions  more  elevated  above 

the  level  of  the  eea,  the  com- 
plexion of  the  natives  will  be 
lighter.  For  this  reason,  the 
inliabitants  of  the  range  of  the 
Caucasus,  and  again  tliose  of 
tlie  great  elevations  of  the  Ilim- 
inalaya  Mountains  and  boui^ 
ccs  of  tlie  Ganges,  ar»  ae  light 
as  the  soutliem  ICurojieanSf 
and  there  ver^-  frequently  is 
seen  the  aubum-beardcd,  and 
blue  or  gray  eyed  man. 

Wliile  the  eomplc-xion  thus 
depends  on  the  heat,  the  form 
of  the  skull  is  determined  by 
the  condition  of  development 
of  the  brain,  and  ibis  is  tlie 
more  pertect  where  life  is  main- 
tained  in    circuinstancea    of 
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plenty,  tndolcnrc,  luxmy,  case  In  Hiiidoittan,  itTnong  th<*  n&tlves 
higlt  caste,  have  Iroin  time  to  time  arbeu  men  whose  mental  endowments 
liavc  been  in  no  respect  inferior  to  those  of  Kuropeans — statesmen,  poets, 
sf^dicTD,  astronomers,  ntathematieiuns.  CompU'xion  apart,  the  pnrtnit 
of  Ram  Kuttum,  a  Hrahinin,  Fig,  2(>9,  taken  b)*  Sir.  Branwhite,  presentu 
an  intelligent  and  agreeable  coontenanccf  tliough,  perhaps,  with  an  air  a( 
effeminacy. 

IjCt  tis  examine  a  second  of  our  subdivisions,  the  Mongol,  dinract 
TariatkiM  im-  '^'^  **  descending  fixim  a  common  stock  by  the  affinities  of 
ymwMl  Ml  tiw  its  languages,  though  having  a  geographical  distribution  from 
Hongol  noe.  ^j^^  Indian  Ocean  to  the  «hores  oi"  the  Polar  Sea.  As  vritb 
the  Indo-Kuropean  race,  so  with  this,  the  color  bocomes  dariccr  as 
tropic  is  approached — so  dark,  indeed,  tliat,  in  tlie  lowest  latitudes  to 
which  its  nations  reach,  they  may  be  said  to  be  black.  From  this  they 
pass  through  rarioos  shades  of  brown  and  olive  as  a  progress  to  the 
Iiiglier  latitudes  is  made,  the  pale  countenance  reappearing  in  North  Tar- 
tary,  and  attaining  to  whiteness  in  the  68b-feeding  tribes,  Samoiedes,  oo 
the  sbofCB  of  the  Icy  Seu.  But  here,  again,  the  cxunplexion  and  tlie  lati- 
todearenotincorrofliKindenco:  on  the  low  shoius  of  China  the  natives  are 
tawny,  but  in  the  ninuuiHinuus  regions  of  the  northwest  of  that  eonntiy^H 
there  ore  tribes  spoken  of  by  those  who  have  seen  llicm  as  of  iturprisinff^H 
whiteness,  and  a  similar  circumstance  occurs  among  the  Tartar  tribes  of 
tht!  very  elevated  platwux  of  Central  .'Vsia. 

Although  the  Chinese  countenance,  both  of  the  indigenous  race  and  the 

domuiant  Tartars,  is  very  characteris- 
tic, as  seen   in  the  annejced  portrait^ 
/'V(7.  270,  from  Dr.  Prichard,  the  form 
of  tlio  skiUl  expresses  a  high  intellec- 
tual cullnre,  of  which  also  their  civil- 
ization and  their  poUty  are  a  surpTi»> 
ing  proof.     The  ditlicultics  of  govern- 
ing masses  of  men  concentrated  lb 
narrow  space  seem,  by  the  statt 
of  iliat  nation,  to  have  been  in  a  gieal 
measnre  orercome.     On  the  Chine 
rivers  tliere  are  many  great  cities,  vast- 
ly ODtntmibcring   in  their  populatic 
'"''""'"  the  largest  Knropcan  capitals.     Under 

rbe  goremment  of  the  emperor,  it  is  said  that  there  live,  in  sccitrity  and 
repose,  one  thtrtl  of  the  liumau  race!     Such  a  spectacle  may  imi 
even  the  philosophex  with  sentiments  of  resj^ect  and  admiration. 

The  linnlships  of  life  have  left  their  impression  on  the  form  of  the 
of  tlte  North  Asiatic,  whose  ener^es  have  to  be  directed  to  the  support  of 
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animal  existence.  The  portrait 
of  a  Kamtscliatdalo,  Fig.  271, 
selected  by  Pr.  Pricbard  an  an 
example,  shows  the  projecting 
muzzle,  tiiat  tuvariable  index  of 
vvuiit,  and  true  animal  fcatuie. 
TJic  complexion  is  oevertbelees 
11  forrpspondcncc  with  the  low 
iLiin»eralure  of  the  country. 

A  like  examination  of  a  third 
of  tliu  subdi vision H   VBriMbmi  im- 

ofmen,theAmeri-.CSrir 
can,  equally  well  il-  iU«a  mm. 

limtratcs  ilio  itiflacnuc  of  heat, 
'i'licse,  though  popularly  spoken 
of  as  red,  and  often  regarded  as  presenting  the  same  color  from  tlie  North 
Polar  Sea  to  Terra  del  Fuego,  are  very  far  from  offering  «ueh  a  unifonn- 
ity.  The  Ksquimaux  on  the  north,  and  the  Fuegian«  on  the  south,  are 
light,  the  tint  of  the  native  races  dec)>cning,  to  a  certain  degree,  as  the 
equator  is  approiK-hed — a  gradiud  diHjpciiing,  much  better  marked  in 
South  tlian  in  Nortli  America,  and  on  the  Pacific  than  on  the  Atlantic 
PVj^Kj.  slope.     As  examples  of  the 

North  American  Indians, 
we  may  lake  the  portraits, 
by  31r.  Catlin,  of  BUek 
Hawk,  /7y.  272.  and  Tudi- 
ee./^.  273,  page  576;  the 
tormcr  a  ijac,  the  latter  a 
Cherokee.  It  is  sufficient 
to  compare  the  counts 
nances  of  these  Indians 
with  those  of  California,  as 
figured  in  the  ^'oyagc  Pit- 
torcsquc  of  Cliorist  Fig. 
274,  page  676,  to  realise 
how  erroneous  is  the  preva- 
lent statement  that  all  the 
American  tribes,  both  of 
the  north  and  south  conti- 
tuient,  arc  alike.  The  ol- 
ive-IUack  Indians  of  the  Pacitic  slope,  though  Iheir  hpH  are  thick  and 
tlteir  noses  flat.  ha%'C  lank  ami  not  woolly  hair,  Ft/j.  21'},  page  .576.  On 
the  Atlantic  shore,  as  is  welt  known,  the  temperature,  in  passing  to  lower 
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In  South  AmericA,  the  HO-4^allr<l  n-d  nirc,  as  wc  liavu  just  observed,  is 
deeper  in  complexion  as  we  pnss  I'roni  Term  del  Fiicgo  and  Patagonia 
northward  toward  the  line.  TIic  Chiliftns  are  darker  ihan  the  FuegiaiL^, 
and  the  Pomvians  darker  tlian  the  Cliiliana.  As  the  topographical  coo- 
stniction  of  tliat  continent  would  lead  us  to  infer,  there  U  an  analogous 
difltribation  i'roni  woKt  to  cai^t,  cros»iiig  tlic^  preceding  at  right  angles: 
the  Inca  race,  who  inhabit  tliu  plateaux  of  the  iVndcs,  are  lighter  than 
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correaponds  to  the  latitude ;  but  from  this  point,  pOMiDg  to  tlio  east,  tlie 
Bnzilio-Ouarani  are  darker  as  wc  approacli  llm  Atlantic  Ocean.  It  may 
vith  truth  be  said  that  the  intervention  of  the  Uulf  of  Mexico  and  Cfr- 
ribbcon  Sea  has  lightened  the  coniplo:£ion  of  the  aboriginal  tribes  of 
North  and  South  America. 

In  the  last  place,  we  may  conrnder,  in  like  manner,  the  African  races. 
These  are,  as  wc  should  cxiicct  irom  the  high  temperature  yuunena  in- 
of  that  continent,  all  dark,  yet  not  cqimlly  so,  for  the  Itcrlicrs  |>naMd  on  tte 
toward  tiic  ilediterraiieaii  shore,  and  the  IloUentots  and  Kaf-  "™"  """• 
fin  adjacent  to  the  Cap«  of  Good  Hope,  are  of  a  Ughter  huo.  In  tlua 
cUaa  we  ought  also  to  cnumiiRite,  as  an  example  of  no  common  intervsf, 
the  native  Kgj^itians,  who  are,  perhaps,  the  Uglituat  of  all.  U  does  not 
appear  that  tlierc  has  been  any  marked  change  in  the  complexion  of  tlio 
aboriginal  Kg)'ptian  fur  tlio  lui^t  three  thousand  yearn,  bo  far  as  can  he 
judged  irom  a  comparison  of  the  dc-scriptions  and  paintings  which  hare 
descended  to  our  times,  with  the  cxiaiing  Copts.  Leaving  the  Mediter^ 
ranean  shore,  and  advancing  to  t)ie  south,  we  pass  tlirougb  bandu  o(  pop- 
ulation sensibly  becoming  darker,  save  where  a  disturbance  arises  by  rea- 
son of  the  elevation  of  the  moiuitain  ranges.  On  the  north  of  the  equa- 
tor the  negro  land  is  not  reached  until  we  arc  witlun  10°  lati-  Tiiencero 
tude.  The  true  ii^ro  occujiica  a  zone  crossing  Uirough  the  con-  "•"• 
tinent  west  and  east.  If  our  examination  be  made  rocridionally,  in  the 
manner  just  supposed,  but  along  tlic  Kcd  Hea  coast,  the  complexion  of 
the  iuhabilanls  is  observed  to  darken  through  Upper  Egj-pt  and  in  Abya- 
synia.  Of  this  couniry  it  is  interesting  to  i-cmark  tliat  it  still  retains  the 
Chrifitian  faith  as  dcUvered  to  tt  in  the  remotest  times  of  the  Church. 

TJic  portrait  of  an  Abyssinian,  '"'i*  '^■ 

Fig,  27tJ,  Irom  M.  d'Abbadio,  shows 


i^t 


an  admixture  of  the  Arab  Hneamonlj),  though  there  is  no  reason  to  suppose 

Co 
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that  lliia  is  due  to  the  ndmisture  of  ^Vrab  blood.  Of  the  ttro  cWmv 
of  Abyssiniani*,  those  who  inhabit  the  more  ttouthcrty  paiia  have  a  coan- 
teoanoe  nmdi  more  approaching  to  the  negro.  They  ore,  indeed,  an  in-  j 
truBive  race,  who  conquered  in  more  recent  times  the  n^ons  in  wfaicb^H 
they  arc  aettlod.  It  is  said  that  the  Amharic  thu  language  of  the  tme^^ 
Al^TBsinians,  is  einguUrly  analogous  to  tiie  Hebrew. 

Aa  resembling  the  Ab}-S8inians  in  many  respects,  thongli  on  the  op- 
posite itidc.  of  the  eqnntor,  may  be  mentioned  tlic  natives  of  Mjidaga«c>r, 
Juff.  277,  p.  577.     Presenting,  in  sonic  particular*,  tlie  traces  of  Anb  io-  ^i 
fliieiice,tt  has  nevertheless  been  inferred,  partly  from  their  language  axid^| 
partly  from  their  features,  (lint  the  most  numerous  class  is  of  31a]iiy  on-  ^t^ 
gin.    Though  among  the  inferior  trilicti  there  are  some  which  are  ItUck, 
the  complexion  of  this  iii  olive,  and  the  h&ir  is  not  woolly*  tboogli  il        j 
curls.  I 

It  should  be  constantly  borne  in  mind  that  the  resemblance  of  fiiattirea 
Rviifc-nrf-.froni  is  WO  proof  of  B  community  of  origin.  The  influonco  of 
c^Muwe*  ""^'^  *"^'  ^''  •"f'""<^'  of  life  is  so  great  that  in  a  due 
ud  Ui«inB«.  of  time  tho  most  diverisc  trilies  will  show  aunilar  lineaments. 
Analogy  in  the  structure  of  languages  and  identity  in  vocabulary-  is 
mucli  better  evidence,  though  even  this  must  he  received  with  caution.  In 
lelcruice  to  tliis,  it  lias  hecu  very  significantly  remarked  tliat  birds  of  tho 
*V-  «••  same  kind  sing  the  same  notes 

in  all  countries,  even  though 
nndcr  sucli  circunutance-s  st  to 
e:cc1udc  tite  possibility  of  thor 
having  been  taught  bjr 
pu  rents. 

TIio  annexed  ftgnrc,  278,  ia 
given   by  Dr.  I^chard  as 
specimen  of  the  natives  of  3t 
Kanibiqiio.     The  expression 
undoubtedly  mudi  superior  to 
flmi  prevailing  on  the  West 
African  coast     Of  some  of 
these  tribes  it  is  said  that  the 
Nsfifflof  jiMMtWqiie.  Iijiir  is  not  woolly,  but  merely 

frizeleil.     It  grows  long,  and  hangs  in  slender  curls. 

Examining  the  r»ne  designated  as  negro  land,  wc  timl  that  the  iKgro 
Ameiioraiion  chaTscter  of  iIs  inhabitants  is  not  in  all  parts  devclope^l  with 
equal  intensity.  The  maximum  is  shown  in  tJie  Guinea 
eoiinlr!c9,  and  from  thenco  across  the  continent  to  tltc  oast 
the  physiognomy  improves.  The  negro  chnracleri sties  may  be  specified 
aa  intense  blnekness  of  the  skin,  woolly  luiir.  thick  lips,  gaping  D0«triU> 


or  l)ie  tKnn 
ty\ie  to  Ui« 


and  a  progruithous  skull.  But  the  negro 
attpcct  is  not  limited  to  the  African  coii- 
tinenl ;  it  i»  prolonged  or  iirojccte^d  tlirough 
the  Inoian  into  the  Pacific  Ocean,  north 
anJ  south  of  tltc  equator,  in  a  koiic  of  many 
degrees.  Sutiuitra,  Borney,  Celebes,  New 
(iuinca.  anU  part  of  AuatraUa,  lie  ia  thia 
zone.      In  these  various  countries,  one  or 

I-^^^^^^^^^^H  another  of  the  cliiirnctcristics  wc  have  men- 

^m^^^^^^^^        tioncd  predominate,  in  port  through  tlie  in- 
L ,  ^^^^^^^^^k      Hnoncc  of  climate,  and  in  part  through  ad> 

I  _  ^^^^^^^^^^B  mi^tturo  of  blood.     In  some  of  these  people 

I  ^^^^^^^^^^^m  the  liair  is  not  woolly ;  in  some,  tlic  lips 
I  '^JHHH^^^^^  are  thin,  and  Ihe  nosv  projecting;  in  sonto, 
,  Nctr.  *i  ft.ii««.  (Ijp  j-Q,^  of  the  akiill  indicates  a  great  su- 

periority over  the  "West  African  tribca.  But,  whatever  these  mo(Ufica- 
tiona  may  be,  the  black  races  of  the  I*acifie  present  in  their  genend  ap- 
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pcarance  so  predominating  a  negro  as- 
pect that  they  have  liy  all  travelers 
been  classed  with  tliat  tribe  Of  one 
of  these  nations,  Dampicr,  the  wirly 
navigator,  speaks  aa  "  shock,  curl-pa- 
ted,  New  Guinea  negroes.'"  The  por- 
trait, J^iff.  280,  from  Choris's  \oyage 
Pittoresquo,  of  a  ^rl  of  the  island  of 
Luzon,  one  of  the  Philippines,  may  il- 
lustrate this  remark ;  for,  though  Ihe 
form  of  the  head  shows  a  very  great 
advance  upon  that  of  the  Guinea  ne- 
gro, the  facial  angle,  respecting  which 
more  will  shortly  be  said,  bctiig  much 
larger^  and  the  rulativo  size  of  tho 
brain  llierefore  increased,  the  counte- 
nance is  essentially  that  of  tropical 
Africa. 

The  projection  of  the  ^Vtrican  type  into  the  Pacific  is  crossed  at  «  cer- 
tain point  by  a  like  projection  of  the  dark  Asiatic  type,  and  y^,,]^,^,  i^ 
in  the  region  of  this  intersection  or  commingling  we  tiiid  the  pn«aed  «n  ih* 
moat  degraded  specimens  of  humanity.  **  *  """ 

i''rom  these  regions,  aa  wc  |)as8  eastwardly  toward  the  American  con- 
tinent, the  improvement  l»ecomcs  very  striking;  thus  the  AmeHoruion of 
natives  of  the  Society  Islands,  though  living  within  tho  Uw  tVUpM 
tropic,  are  of  a  dear  olive  or  brunette.     In  (he  opinion  of  ^'^  **      ""^ 


ntlllp^oc  nofio. 
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some,  if  it  were  not  for  a  slight  thickness  of  the  lips  and  spreading  of 
the  nostrils,  the  countenance  would  be  European.  The  men  are  de- 
scribed as  "tall,  strong,  well-limbed,  and  finely  shaped.*^  Many  of  the 
children  have  flaxen  hair ;  and  sailors,  who  are  generally  competent 
judges  of  such  matters,  universally  yield  a  tribute  of  admiration  to  the 
prettiness  of  the  women.  Captain  BHgh  attributed  the  mntinj  in  his 
ship  to  that  interesting  cause. 

We  may  next  consider  variations  in  the  form  of  the  skeleton. 

Here,  more  particularly  in  the  classification  of  the  forms  of  skoUs,  I 
Cooiparison  »dopt  the  division  introduced  by  Dr.  Pridiard,  from  whose 
ofakeietoiu.  work,  above  alluded  to,  the  following  passages  are  extracted: 

"In  all  other  races,  compared  with  Europeans,  the  limbs  are  more 
crooked  and  badly  formed.  In  the  negro  the  bones  of  the  leg  are 
bent  outward.  Soemmering  and  Lawrence  have  observed  that 
the  tibia  and  fibula  in  the  negro  are  more  convex  in  front  than  in  Eu- 
ropeans ;  the  calves  of  the  legs  are  very  high,  so  as  to  encroach  upon  the 
hams  ;  the  feet  and  hands,  but  particularly  the  former,  ate  flat ;  the  os 
calcis,  instead  of  being  arched,  is  continued  nearly  in  a  straight  line  with 
the  other  bones  of  the  foot,  which  ia  remarkably  broad." 

"It  was  observed  by  White,  and  has  been  generally  believed,  that 
the  length  of  the  forearm  is  so  much  greater  in  the  negro  than 
in  the  European  as  to  constitute  a  real  approximation  to  the 
character  of  the  ape.  Facts,  however,  prove  but  a  very  slight  difference, 
and  by  no  means  greater  than  the  varieties  wliich  are  every  day  to  be 
observed  on  comparing  many  individuals  of  any  race  or  nation.  On  the 
other  hand,  the  difference  between  adult  apes  and  men  in  the  length  of 
the  extremities  ia  so  great  as  to  render  all  such  comparisons  veiy  remote, 
and  of  very  doubtful  importance  with  respect  to  any  ulterior  conclusion. 
According  to  5Ir.  Owen,  the  arms  of  the  orang  reach  to  the  heel,  or  at 
least  to  the  ankle-joint,  while  in  the  chimpanzee,  or  troglodyte,  they  ex- 
tend below  the  knee-joint.  This  is  a  most  decided  and  widely-marked  dif- 
ference Iwtween  the  most  anthropoid  apes  and  tlie  uncultivated  races  of 
men.  Yet  even  the  slightest  approach  to  the  former  shape  would  be  a 
curious  circumstance ;  if  it  could  be  fully  establislied,  it  would  tend,  with 
otiier  facts,  to  imply  that  the  savage  races  of  mankind  have  somewhat 
more  of  the  animal,  even  in  their  physical  conformation,  than  the  more 
cultivated  races,  or  those  whose  improvement  by  civilization  may  be 
dated  from  a  very  remote  era  in  the  history  of  the  world." 

"It  has  been  a  general  opinion,  since  the  time  of  Soemmering,  that 
Th  f  ramen  ''^^  head  of  the  negro  is  placed  so  much  farther  backward  on 
m«(nniin  of  lie  the  vertebral  column  as  to  occasion  a  material  diflference  in 
'  "  '  the  figure  of  the  whole  body.     It  was  observed  by  Dauben- 

ton  that  the  foi'amen  magnum  is  placed  in  quadrupeds  behind  the  centre 
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of  gravity,  whence  nn  importaul  diflfcronco  ariiics  in  the  tchitive  position 
of  the  head  and  trunk  in  man  ami  iu  inferior  animals.  The  extent  of 
tliis  ditTerence,  when  the  human  skeleton  is  compared  with  tliat  o(  the 
mmtiPt  has  been  Dio»t  fully  made  known  hy  Mr.  Owen,  who  lias  shown 
that  it  is  mnch  greater  in  respect  to  Uic  adnlt  ajm  than  it  ha»  hitherto 
been  BU]>po9ed.  But  tbcro  is,  in  reality,  no  difference  in  human  moes. 
The  foramen  magnum  is  only  posterior  in  the  negro  skull  to  its  place 
in  the  Kuropean,  in  consequence  of  the  projection  of  tlic  upper  jaw,  par- 
licularlj  of  the  nlvcolor  prooess." 
In  illnstniliDn  of  tlic  atoteinent  of  Mr.  Owen  respecting  the  relative 
iiSij.S8i.  length  of  the  arm  in  mail 

and  in  the  more  mitlirojioJd 
apes,  1  give  the  annexed 
photograph,  /Vv?.  1281,  of 
the  human  skeleton  and 
tIio«e  of  the  chimpanzee 
and  onuig.  Of  the  chim- 
panzee it  aliould  be  ob- 
served that  the  8iKM:imen 
was  young.  They  are  all 
brought  nearly  to  the  sama 
size  by  adjusting  the  dls- 
'•^       /'•  A  ■  Ji  tanoes  at  which  ihcy  were 

j^     "  ^'^  ^W      **^*"-     "^^"^  human  skcle- 

mmmm  « BMu.  (kiwiwMw.  «x  *raBg.  ton  wfts  that  of  a  niau  more 

tlian  six  feet  in  height. 

There  are  four  different  views  from  which  au  es.-uuinatton  ^^^  ^t^tAam  of 
of  tlto  skull  of  niau  and  animals  may  be  made :  Ist.  Ttie  lat-  cxAmiaUs  tlw 
eral ;  2d.  The  vertiad ;  3d.  The  l«wilar ;  -Jth.  The  front.        '^■ 

Ist.  The  lateral  view,  or  Camper's  method,  is  thus  described  by  the 
anatomLHt  who  introduced  it,  and  whose  name  it  hears. 

"The  basis  on  which  a  distinction  of  nations  is  founded  may  be  dis- 
played by  tm'o  straight  lines,  one  of  which  is  to  be  drawn  ,^^ .  j^. 
through  tlie  meatus  auditorius  to  the  base  of  the  none,  uid  vinw,  or  Cam- 
the  otlier  touching  the  prominent  centic  of  the  forehead,  and  i"''*  ■■'  "■ 
fiiUing  thence  on  the  most  advancing  part  of  the  iipjicr  jaw-lwnc,  the 
head  being  viewctl  in  profile.  In  the  angle  }nt)dnccd  by  these  two  tines 
may  bo  said  to  consist  not  only  the  distinctions  between  the  skulls  of 
the  several  species  of  animals,  but  also  those  which  arc  found  to  exist 
between  different  nations ;  and  it  might  be  concluded  tliat  Xature  has 
Availed  herself,  at  the  same  time,  of  this  angle  to  mark  out  the  diversi- 
ties of  the  uniinal  kingdom,  and  i»  establish  a  sort  of  scale  from  the  in- 
ferior tribes  up  to  the  most  beautiful  fonns  which  are  found  in  the  human 
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species.  Thus  it  will  be  found  that  the  heads  of  birds  display  the  small- 
est angle,  and  that  it  always  becomes  of  greater  extent  in  proportion  as 
the  animal  approaches  more  nearly  the  human  figore.  Thus  there  is 
one  species  of  the  ape  tribe  in  which  the  head  has  a  facial  angle  of  forty- 
two  degrees ;  in  another,  of  the  same  family,  which  is  one  of  those  simiae 
most  approximating  in  figure  to  mankind,  the  facial  angle  contains  ex- 
actly fifty  degrees.  Next  to  this  is  the  head  of  the  Afirican  negro,  which, 
as  well  as  that  of  the  Kalmuck,  forms  an  angle  of  seven^  degrees,  while 
the  angle  discovered  in  the  heads  of  Europeans  contains  eighty  degrees. 
On  this  difference  of  ten  degrees  in  the  facial  angle  the  superior  beauty 
of  the  European  depends ;  while  that  character  of  sublime  beauty,  whicli 
is  so  striking  in  some  works  of  ancient  statuary,  as  in  the  head  of  Apollo 
and  in  the  Medusa  of  Sisocles,  is  given  by  an  angle  which  amounts  to 
one  hundred  degrees." 

As  illustrations  of  this  view,  the  subjoined  profiles  of  the  skull  of  the 
European,  J^i^.  282,  the  negro,  J^.  283,  the  chimpanzee,  ^ig.  284,  and 
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Europevi.  Negro. 

the  orang,  J^ff.  285,  arc  given.     Of  the  latter,  which,  of  apes,  are  among 

F*j.  29*.  Fig.  1X6. 


ChlmpuiEec. 

those  most  closely  approaching  to  man, 
the  chimpanzee  is  a  native  of  tropical 
Africa,  and  the  orang  of  the  Indian 
Archipelago. 

2d.  The  vertical  view,  or  Blumenbach'a  method. 


Onng: 


THE   ^'BRTICAl.   VIEW,  OH   BLirMESBACU  a   METHOD. 


fifiS 


'^BlnniGnliach  gires  the  foUow^ig  nccotuit  of  the  way  of  describing 
lieaiK  whJcIi,  he  says,  in  tlic  result  of  his  own  observations  Tli*  nniai 
in  a  long  and  constant  stud)*  of  his  coUections  of  Uie  skoUs  Jil^^bw*-^'*' 
ofditfcreot  nations:  lie  remarks  that  the  corapariaon  of  the  n>«ti>o>i. 
breadth  of  the  head,  particularly  of  the  vertex,  |ioints  out  the  principal 
ftnd  nioet  strongly-marked  ditTurcnccs  in  the  general  oontiguralion  of  the 
cranium.  He  adds  ihal  the  whole  crnniuni  is  suaceptihle  of  bo  many  va- 
rieties in  its  form,  the  parts  which  contribute  more  or  less  to  determine 
the  national  charnctcr  displaying  such  different  pro[>ortions  and  direc- 
tions, Ilint  it  is  iuiposaibic  to  subject  all  theM  diversities  to  the  measorfr- 
mcnt  of  any  lincK  or  angles.  In  com}>aring  and  arranging  skulls  accord- 
ing lo  lliu  variutius  in  thi:ir  stmpe,  it  is  prulurublu  to  survey  thcni  in  that 
method  which  presents  at  one  view  the  greatest  number  of  ciioracteristic 
peculiarities.  'The  be^t  way  of  obtaining  thiii  end  is  to  pinoe  a  serica 
of  sknlln  with  the  cheek-bones  on  the  some  horizontal  line,  rcating  on  tho 
lower  jaws,  and  then,  viewing  them  from  behind,  and  fixing  the  eye  on 
the  vertex  of  each,  to  mark  all  the  varieties  in  tlie  tfliape  of  parts  that 
contribute  most  to  the  national  character,  whetlier  they  consist  in  the  di- 
rection of  the  maxillary  and  malar  bones,  in  the  hre-odth  or  narrowness 
of  the  oval  figure  presented  by  tlie  vertex,  or  in  tho  flattened  or  vaulted 
Ibrm  of  the  froutal  bone.'" 

By  this  means  of  comparison  Blumcnbach  obtains  a  division  of  skulls 
into  tliree  classes,  tlic  Caaeastan,  Jlongol,  and  Negro.  They  are  repre- 
wntcd  in  J^l^.  286,  Fiy.  287,  /V-  2H8,  and  Dr.  Pricliard  has  added  to 
these  figures  I^iff.  289,  the  artiliciaUy  elongated  akuU  of  an  ancient  Pe- 
ruvian, from  the  burial-phices  of  Titicaca, 
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S.  The  basilar  view,  or  Owen's  method. 

"  No  single  view  of  the  sknil  determines  so  much  in  regard  to  its  gei 
end  configuration  as  that  of  the  basia.     The  importance  of  ^^  ^^^^^ 
this  manner  of  examining  the  bony  structure  of  the  head  ri»w,orO*w^ 
luu  been  demonstrated  in  the  folleat  uuuuicr  by  Mr.  Owen,  " 
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in  his  axcellent  incnioirori  Iho  strao-  _ 

tttie  of  tlie   orang  rikI  chiropanzce. 

Tiie  relative  pro|iorliDiis  and  extent,  and  the  pecaliHrities  of  fonniition 

of  Iho  didcrcnt  parta  of  the  cmnium,  arc  more  fuUv  disonvered  hy  tins 

node  of  comjinrison,  which  has  lutbcrto  been  mncli  neglectod,  thftn  hj 

»i\y  otboi  method." 


"  It  m«y  be  ohaervod,  in  this  yiew  of  the  cranium,  that  the  antero- 
posterior diameter  of  the  bn^is  of  the  skull  is  in  the  onuig  very  nmch 
larger  tlinn  in  man.  The  most  striking  circumstance  wliicb  displays 
this  ditTcrenoe  is  the  situation  occupied  by  tlic  zygomatic  arch  in  the 
plane  of  the  basis  of  the  skulL  In  all  races  of  men,  and  even  in  haman 
idiots,  the  entire  zygoma  m  inc-ludtHl  in  tlie  antf^rior  Italf  of  tlie  basis  ctft- 
nii;  in  tlic  head  of  the  ailult  troglodytp,  or  chimpan£ec,as  weU  as  in  ihat 
of  the  satyr,  or  ornng,  the  iiygoma  is  situated  in  ihc  niiddio  n^on  of  the 
skull,  and  in  the  bnsia  ocaipies  just  one  thini  part  of  the  entire  length 
of  its  diHuieter.  Posterior  to  the  zygomata,  the  potrous  portionH  twve, 
in  Ihu  simiw,  a  larger  development  in  the  antero>posterior  dircvlion. 


THE  FRONT  VIBW,  OR  FRICHARD*9  METHOD. 


AnolIiRT  moHt  remarkable  character,  in  rvJipeot  !o  wbich  those  nnatomists 
h*ve  been  greatly  deceived  who  compared  only  young  troglodyteg  wilh 
[man,  ia  the  great  occipital  fbrnraen,  a  leature  moat  important  as  to  the 
I  general  character  of  structxire  and  to  the  habita  of  the  whole  being. 
This  foramen,  in  the  Immsn  head,  is  very  near  the  middle  of  the  basis 
of  the  skull,  or,  rather,  it  ts  eittiated  immediately  behind  tlie  middle 
tnnjBverao  diameter,  while  in  the  adult  chimpanzee  it  ia  placed  in  the 
middle  of  the  posterior  third  of  the  basis  cranii.  A  ihinl  characteristic 
in  the  ape  is  the  grcnter  size  and  deveiopment  of  the  bony  palate,  in  con- 
sequence of  which  the  teeth  arc  much  larger  and  more  spread,  and  want 
tliat  continnity  which  is,  gcncrjilly  speaking,  a  characteristic  of  man;  and 
intervals  between  the  laniary,  cutting,  and  bicuspid  teeth  admit,  as  in 
the  lower  tribes  of  animals,  the  apices  of  teeth  belonging  to  the  opposite 
jaws.  Fourthly,  the  basis  of  the  »kull  i^  Hat,  owing  to  the  want  of  tliat 
downward  development  of  the  brain,  and  of  the  bony  case  connected  with 
the  greater  dimen.'tion  wliich  tho  cercbnd  organ  acquires  in  the  human 
"being  compared  with  the  lower  tribes." 
4.  The  front  view,  or  Prichard's  method. 

** Neither  tlie  fiicial  angle  of  Camper,  nor  the  method  of  viewing  the 
skull  proposed  by  Ulumenbacli,  aftbrds  a  eatis&ctory  display  •n,oftwitri««r 
^  of  the  charaicleristics  of  the  p\TBmidal  or  Lozcnge-laccd  skulL"  or  Pri<*«ni*» 
■      "In  /^.  292.  which  is  the  dmwing  of  the  sknll  of  an  '"•^"^■ 
^m  Ptf.»a.  Ksquimanx,  the  linca  drawn  irom  the 

^^^^  /         \  zygomatic  arch,  touching  the  temples, 

^^^^  /  ^^\  meeting  over  the  forehead,  form  with 

^^^H  Ij^        vW  *''*  ^^'*'*  *  triangular  figure.     Tliese 

^^^H  1^  '!^^  two   lines   in   well-fonned   European 

^^^f        /         fl  9^^  heads  arc  ]>ArallcI,  the  forehead  being 

^B  #  ■^mBl      ^^^A  vc-ry  mnch  broader  than  in  the  heads 

^1  ^^^^jN^^L^^^K  ^^  Esquimaux,  and  other  races  whose 

V  /^^V    A^^H^HB        skulls  belong  to  the  Kamc  grext  division 

of  human  crania,  among  whom  arc  the 

»'V.r      l^HU        ^^^^H        ilongolians,  and  other  nomadic  nations 
^jp,  ^)W  ''^^^^^^T"   ^^  Xorihcrii  Asia.     The  most  striking 
"--tV'V'-***^^^^^^*^*^    characteristic  oftbeae  skulls  is  the  great 
*^"'»""»-  kteral  or  ontwarrl  projection  of  the  zyg- 

omatic arch.  The  cheek-lwncs,  riaing  from  under  the  middle  of  the  or- 
bit, do  not  project  forward  and  downward  under  the  eyes,  as  in  the  iwog- 
nathous  skull  of  the  negro,  but  take  a  direction  laterally  or  outward,  and 
^  turn  backwanl  to  meet  a  corre9|x)nding  projection  of  the  process  of  the 
B  temporal  Iwne,  and  form  with  it  a  large,  rounded  sweep  or  ecginent  of  a 
circle.  The  orbits  arc  large  .-wid  deqi.  The  upper  part  of  tlie  face  being 
remarkably  phmc  or  flat,  the  noK  flat,  and  tho  nasal  bones,  as  well  as  the 
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space  between  the  eyebrows,  nearly  on  the  same  plane  with  the  cheek- 
bones, the  triangular  space  described  by  the  lines  (drawn  on  the  wood- 
cut) may  be  compared  to  one  of  the  faces  of  a  pyramid.  The  whole  &ce, 
instead  of  an  oval  form,  as  in  most  Europeans  and  many  Aincans,  is  of 
a  lozenge  shape." 

"  Another  characteristic  in  most  of  the  pyramidal  skulls,  or,  rather,  in 
the  form  of  the  face  to  which  this  configuration  of  the  skull  gives  rise, 
is  the  apparently  angular  position  of  the  ap^ture  of  the  eyelids.  There 
is  no  want  of  parallelism  in  the  orbits,  or,  rather,  of  coinddence  in  the 
transverse  sections  of  the  orbital  cavities.  The  obliquity  consists  in 
the  structure  of  the  lids  themselves;  the  skin,  being  tightly  drawn  over 
the  large  protuberance  of  the  malar  bone,  under  the  outer  angle  of  the 
eye,  and  at  the  inner  extremity  smoothly  extended  over  the  lower  nasal 
bones,  while  the  bridge  of  the  nose  is  scarcely  elevated  above  the  plane 
of  the  suborbital  spaces,  gives  to  the  eye  the  appearance  of  being  placed 
with  the  inner  angle  downward." 

'*  The  oval  or  elliptical  form  is  that  of  Europeans,  and  the  southern 
Asiatics  who  resemble  them  ;  the  zygomatic  bones  and  the  jaws  being 
less  protuberant,  the  entire  outline  of  the  head,  viewed  from  above,  has 
no  projecting  angular  parts,  and  is  defined  by  an  oval  circumference.  But 
in  that  oval  figure,  or  rather  eUipse,  the  two  diameters  vary  considers- 
hly  in  proportion;  in  other  words,  some  nations  have  rounder,  others  more 
elongated  lieads.  The  shape  of  the  brain,  and  of  the  skull  at  its  basis, 
is  in  the  rounder  heads  more  like  that  of  the  pyramidal  skull,  or  the 
cranium  of  the  northern  Asiatics ;  in  the  narrower  heads  it  approaches 
the  figure  of  the  elongated,  or  negro  head." 

We  may  therefore  conveniently  classify  skulls  in  three  divisions : 

1st.  The  prognathous,  which  is  represented  in  Fig.  293,  being  the 
Classification  skull  of  a  negro  of  very  forbidding  aspect.  This  form  is 
of  skulls.  marked  by  a  forward  projection  of  the  jaws,  the  brain  being 
therefore,  as  it  were,  tlirown  backward  as  respects  the  face,  the  forehead 
being  more  horizontal  and  low. 

2d.  The  pyramidal.  Fig.  292,  which  gives  rise,  as  has  been  stated 
above,  to  the  lozenge-shaped  face. 

3d.  TIic  elliptical  or  oval,  which,  viewed  from  above,  has  an  oval  con- 
tour without  projecting  parts,  and  in  the  profile  shows  a  large  facial  an- 
gle, as  in  tlie  French  skull.  Fig.  294. 

These  forms  of  skull  seem  to  be  connected  very  closely  with  habits 
Connection  of  of  life  :  the  prognatlious  with  the  savage  state,  or  that  of 
the  skuiTand  J^'^"*'"?  \  ^^^  pyramidal  with  a  wandering  pastoral  life ;  and 
manner  of  life,  the  elliptical  With  that  of  civilization. 

With  respect  to  the  form  of  the  pelvis  in  different  nations,  the  varia- 
tions are  by  no  means  so  significant  as  in  the  case  of  the  cranium,  inas- 
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macb  as  tli€y  are  of  indiscriminate  oc- 
currence. It  may  perliajw  be  maintained  in  a  general  way,  , 
iJiai  in  the  loss  advanced  tritjes,  as  in  the  female  Hottentot, 
there  \r  an  approximation  lo  t)jQ  form  exliiUted  by  llie  tjimia*,  the  iliac 
booes  being  more  vertical,  and  the  whole  Btructuro  cliaractcriRcd  by  its 
length  and  narrowneBs.  Profeasor  Weber,  wlio  haa  examined  this  sub- 
ject Tvith  care,  concludes  that  no  particular  (igure  of  the  pelvis  ia  a  char- 
acteristic of  any  one  race 

The  rcmatltg  which  have  been  made  respecting  variations  of  complcx- 
ioDi  aa  exhibited  in  different  climatca,  might  almost  be  re-  Tba  phj-iiod 
pcated  aa  respects  variations  of  the  form  of  tlie  skull,  origi-  "i'JiJf*[„''tta 
nsting  in  diifnuncc  of  phyaical  circumstances;  for  as  the  »ii»ii- 
complexion  varies  in  diilttrent  icm{X!ratures,  so  does  the  figure  of  the 
skuU  in  ihfferent  social  conditions.  The  elliptical  skull,  which  beyond 
all  doubt  is  that  which  belongs  to  man  in  his  most  civilized  state,  may 
be  deteriorated  and  degraded  even  to  the  lowest  prognathous  form. 
Want  and  sfiualid  misery  will  produce  thla  result  Igno-  ludeirradmiioii 
nnee,  mere  animal  life,  social  degradation,  lead  to  its  ap-  ^y  '"***- 
proach  in  varied  degrees.  Even  in  the  large  European  cities  we  rcco^ 
nize  the  incipient  stages  of  it  in  those  classes  who  follow  a  prccnrioos 
life — the  projecting  jaw,  the  retreating  forehead,  tlic  mouth  habitually 
open,  or  the  tips  ported  so  as  to  show  the  tcetli.  Mr.  Tlmckrab,  in  his 
work  on  the  Effects  of  Arts,  Trades,  etc.,  on  ITealih  and  Longevity,  says, 
*'I  stood  in  Oxford  Road,  Manchester,  and  observed  the  stream  of  opei- 
atives  as  they  left  the  mills  at  twelve  o'clock.  The  children  were  almost 
universaUy  ill-looking,  small,  sickly,  barefoot,  and  ill-clad.  Many  ap' 
peared  to  be  no  older  tlian  seven.  The  men,  generally  from  sixteen  to 
twenty-four,  and  none  agt^I,  were  almost  as  pallid  and  thin  as  the  chil- 
dren. The  ^vomen  wore  the  most  respectable  in  appearance^  but  I  saw 
no  fi%s!i,  6n&-looking  indiriduats  among  them.  Here  I  0av«  or  thon^t 
I  MW,  a  degenerate  race — human  beings  stunted,  enfeebled,  depraved." 
Under  the  opposite  circomstances,  where  life  is  maintained  in  indolence 
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and  plenty,  the  converse  effects  may  take  place.  Of  this,  perhaps  the 
Its  rectification  "O^t  Striking  illustration  is  that  pointed  ont  by  Dr.  Prichaid 
by  luxury.  q(  the  loss  of  the  pyramidal  form  of  skoll  by  the  Emopetn 
Turks,  a  form  which  appertained  to  their  Asiatic  ancestors,  and  the  aa- 
suraption  of  the  elliptical,  the  skull  not  of  a  wandering,  but  of  a  statioit- 
ary  and  civilized  race.  Nor  has  this  transmutation  taken  place  in  them, 
in  the  short  period  since  they  made  tlieir  European  conquest,  because  of 
the  influence  exercised  by  the  Circassian  and  Geoi^ian  women  intro- 
duced into  their  harems,  for  tills  has  been  upon  too  small  a  scale  to  pro- 
duce such  a  general  result,  and  is  a  luxury  which  can  only  be  indulged 
in  by  the  wealthier  classes. 

As  a  descent  is  made  to  the  skull  of  the  prognathous  form,  the  conn- 
Contrut  tw-  tenance  loses  those  features  which  we  regard  aa  being  beao- 
nlSi'I^ddl  ^ft^'  *»d  assumes  a  baser  cast  When  it  has  readied  the 
lipticki  skoU^  limit  in  that  direction,  it  is  actually  hideous,  recalling  at 
once  the  detestable  aspect  of  the  ape.  In  this  state,  in  the  tro{ucal  di* 
mates,  the  lips  are  thick,  the  hair  woolly,  the  nostrils  gaping.  The  in- 
tellectual powers  are  correspondingly  depressed  ;  the  dullness  of  the  c^c^ 
its  porcelain-like  sderotic  contrasting  with  the  blackness  of  the  skin,  is 
in  correspondence  with  the  low  and  d^raded  mental  power.  On  the 
contrary,  when  the  passage  is  made  toward  the  ellipticml  form,  the  coun- 
tenance becomes  more  beantifal  and  interesting,  capable  of  expressing  the 
most  refined  mental  emotions.  The  eyes,  in  an  indescribable  but  sig- 
nificant manner,  manifest  the  exalted  powers  of  the  mind,  and  the  lips 
are  composed  or  compressed. 

If  I  am  not  mistaken,  darkness  of  the  skin  and  a  prognathous  form  of 
Mode  in  which  skull  may  be  dependent  in  the  dark  tribes  on  the  same  cir- 
dark ''complex-  cumstancc.  Functionally  the  hver  is  in  connection  with  the 
ion-  calorifacicnt  apparatus,  its  secretion,  the  bile,  as  shown  in 

Cliapter  XI.,  coinciding  in  habitudes  with  a  hydrocarbon.  Much  of  it 
is  therefore  reabsorbed,  and  eventually  devoted  for  the  support  of  a  high 
temperature.  But,  besides  tliis  combustible  material,  the  bile  likewise 
contains  a  coloring  matter,  which  is  in  all  respects  an  effete  body,  and 
useless  to  tlic  system.  This  pigment  is  derived  from  the  blood-discs, 
or,  ratlier,  from  their  hrematin,  as  is  proved  by  the  &ct  that  it  occurs  in 
the  meconium  of  the  new-bom  infant,  and  likewise,  like  hajmatin,  it  is 
rich  in  iron.  Its  source  is,  therefore,  not  immediately  from  the  food. 
To  remove  tliis  useless  material  is  thus  one  of  the  primary  fiinctions  of 
the  liver. 

Now  there  is  no  organ  which  is  more  quickly  disturbed  in  its  duty  by 
Influence  of  the  a  high  temperature  than  the  liver.  Whether  such  a  hi^ 
iivcr"on  the"  temperature  produces  its  effect  through  a  disturbance  of  the 
complexion.      action  of  the  lungs,  or  through  an  impression  on  the  skin,  is 
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quite  immaterial.     If  the  organ  bo  in  any  munncr  cnfccWed  in  its  dtrty, 
antl  no  other  avcnne  is  open  through  which  the  degenerating  Ksematin 
may  escape,  it  must  accmnutnte  in  the  circulation,  mxd  be  deposited  Imtv 
and  there  in  suitable  places.     Undex  audi  circumstances,  there  arises  a 
tendency  for  its  accumulation  in  a  temporary  manner  in  the  lower  and 
more  epherical  cells  of  the  cuticle,  firom  which  it  is  removed  by  their 
gradual  e:nivialioti  and  destruction  as  they  become  superficial.     The 
tempomty  deposit  of  the  coloring  matter  in  thiu  situation  imparts  to  the 
skin  a  sliade  more  or  less  deep.     It  may  amount  to  a  perfect  blackness ; 
for  the  origin  of  the  black  pigment  of  the  negro  ia  the  same  as  fi,,  roWortA* 
that  of  the  black  pijnncnt  of  the  eye  in  all  races,  and  tlic  pre-  »*^"  •i'"''*! 
aominatmg  percentage  of  iron  it  presents  plamly  betrays  umijo  or  Um 
that  it  arises  irom  a  d^eneratiiig  hfematiu,  in  which  tUo  '''*'°^ 
c  m«tal  aboundti. 

believe,  tlicrefore,  that  the  coloration  of  tiie  skin,  whatever  the  por- 
ticalar  tint  may  he,  tawny-ycllow,  olive-red,  or  black,  is  connected  with 
manner  in  which  the  liver  is  discharging  its  function.  That  de- 
its  of  black  pigment  can  normally  arise  in  the  way  of  a  true  secretion 
by  cell  action  is  Mitisfactorily  proved  by  their  occurrence  in  angular  and 
fied  patches  in  the  skin  of  such  animals  as  the  frog;  and  that  h»^- 
;tin,  in  its  degeneration,  may  give  rise  to  many  difitircnt  tints,  is  sub- 
stantiatod  by  the  oolora  exhihitcd  by  ccehymoscs. 

It  is  not  to  be  forgotten  that  coloration  of  the  skin,  though  apparently 
perBiBtcnt,  is  tending  continually  to  a  rcmoTal,  because  of  CutuuDittk 
the  oxidation  which  is  taking  place  as  the  pigment  cells  ap-  ^oroit^' 
proach  the  surtacc  of  the  aitidc  in  their  process  of  desquama-  •ki«. 
lion ;  but  as  this  goes  on,  new  cells  and  new  pigment  are  ]>cri>elually 
forming  beneath,  to  undergo  destruction  in  their  turn.  Under  this  point 
of  v'urWt  tho  complexion  of  the  skin  is  an  index  of  tlie  energy  with  which 
that  tissue  is  addrcasing  itself  for  the  removal  of  metamorphosing  bie- 
toatin.  In  accom])lisliing  this  removal,  the  liver,  in  tlie  fair  race*  of  man- 
kind, exerts  a  Rufficicnt  actiWty ;  but  in  hot  climates,  tluj  habitation  of 
the  black  tsuicn,  cither  tlirough  a  diminished  power  of  that  gland,  or  bc- 
eauac  of  an  incrcai^  production  of  effete  pigment,  the  skin  has  to  lend 
ill  aid,  and  the  degrue  to  whicli  it  does  this  is  betrayed  by  tlie  depth  of 
its  hoe. 

H*vtng  thus  traced  the  coloration  of  the  skin  to  existing  peculiarities 
of  hepatic  action,  I  may  repeat  the  remark  already  made,  lafluenn  of  Om 
that  it  is  not  improbable  that,  in  the  most  degraded  nt^ro  ^^"ijl  fc^'i" 
type,  the  prognathous  form  of  the  skull  may  t)e  attribnted  tiuakaU. 
to  tbe  same  cause. 

Not  that  this  aloue  is  always  tho  cau^  for  a  prognatlious  skull  can 
by  degrees  arise,  as  wo  lutve  seen,  in  any  race,  even  the  while,  from  a 
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variety  of  causeB,  such  as  misery,  want,  or  an  oppressed  sooal  state.  It 
is,  however,  on  all  hands  admitted  that  nothing  so  quickly  disturbs  the 
brain  in  its  action  as  functional  disturbance  of  the  liver.  li^  thion^  a 
partial  failure  in  the  operation  of  that  great  gland,  the  products  which  it 
should  normally  secrete  begin  to  accumulate  in  the  blood,  or  have  to 
seek  new  channels  for  their  escape,  the  vigor  of  the  intellect  is  at  onoe 
impaired.  It  is  with  the  brain  as  it  is  with  any  other  organ,  a  decline 
in  its  activity  is  soon  followed  by  a  deterioration  or  diminution  of  its 
structure,  and  we  must  not  forget  that  it  is  not  the  bnun  which  accom- 
modates itself  to  the  capacity  of  the  skull,  bat  the  skull  which  accummo- 
dates  itself  to  the  shape  and  size  of  the  brain.  Whatever  the  causes  may 
be,  and  of  course  they  are  very  numerous,  which  tend  to  lessen  the  en- 
tire cerebral  mass,  or  by  inequality  in  their  effect  produce  the  develop- 
ment  of  one  part  with  the  contemporaneous  diminution  of  another,  th^ 
wUl  inevitably  give  rise  to  a  modification  in  the  figure  of  the  skull; 
and  observation,  as  well  as  phrenological  considerations,  would  cause  us 
to  anticipate  that,  if  the  effect  takes  place  in  such  a  way  as  to  involve  the 
higher  powers  of  intellection,  the  skull,  answering  in  its  change  thereto, 
will  assume  the  prognathous  cast. 

From  wliat  I  have  said  respecting  the  relationship  of  difierent  nations 
HcrediUTv  °^  ™®°» ^'  ^^  ^  gathered  that  the  peculiarities  on  which  we 
tranBiniuioa  have  been  dwelling,  the  complexion  and  form  of  the  skull,  as 
onB.  jepen^ent  upon  hepatic  action,  are  capable  of  hereditary  trans- 
mission ;  for  such  a  modified  glandular  action,  in  whatever  manner  it 
may  have  been  occasioned,  can  be  propagated  in  that  way. 

In  tliese  remarks  it  will  be  perceived  that  I  have  mainly  had  in  \-iew 
Itaae  tona  of  that  degradation  trom  tlic  more  perfect  standard  of  man  which 
from  "ow '"em-  '®  cncountcrcd  in  hot  climates,  and  which  finds  its  expression 
pcraturo.  in  a  blackncss  of  the  skin  and  a  base  form  of  the  skull.  Bat 
there  is  likewise  a  white  degraded  form.  It  is  that  which  we  meet  in 
the  higlicst  latitudes,  and  it  is  therefore  dependent  upon  climate,  that  is 
to  say,  tcn)])crature.  Here  no  such  tax  is  thrown  upon  the  skin  as. is 
the  case  in  the  torrid  zone,  but  here  the  intellectual  powers  are  greatly 
enfeebled,  if  for  no  otiier  rcnson,  at  least  because  of  the  hardships  under 
which  life  must  be  maintained.  It  is  not,  therefore,  in  very  high  or  very 
low  latitudes  tliat  we  should  expect  to  find  man  in  his  best  estate,  and 
tiiid  is  corroborated  by  the  history  of  all  races.  It  is  true  that,  by  the 
artificial  control  winch  we  have  obtained  over  temperature  by  the  aid  of 
clothing  and  improved  modes  of  shelter,  we  have,  in  some  degree,  with- 
drawn ourselves  from  the  absolute  dominion  of  climate ;  but,  putting 
these  disturbances  of  civilization  aside,  and  looking  only  to  our  natural 
state,  we  sliall  be  constrained  to  admit  that  the  man  of  maximum  intel- 
lectual capacity  is  of  a  faint  brown  hue.     Nor  was  it  through  any  acci- 
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dental  circumstanct'-t  but  because  of  physiological  oonUilions,  MtximiaB  of 
that  civilization  arose  in  Kgypt  and  in  the  Jlesopotamian  ^^foj^,^^J^| 
coantries.     It  was  for  a  like  phvaiological  reason  tliat  it  ncen. 
sprcAfl  next  tbrotigli  the  nntions  on  the  north  nliorc  of  the  Mediterranean, 
tnd  never  apontanoonsly  origtnntcd  in  Arctic  Europe  or  Tropical  .VtVica. 

Jlorcover,  tt  niuat  be  observed  how  forciWy  the  doctrine  here  urged  of 
the  passagQ  of  uian  from  one  complexion  to  another,  and  ritappMruc* 
through  Bucceasively  different  fonns  of  skull  in  the  course  of  ofUiertd-h*ir. 
ages,  ia  illustrated  by  the  singular  circutnstunce  to  whil^h  at-  ejiii  pMpla  in 
tention  has  of  late  years  been  directed,  of  the  gradual  disap-  t***!*- 
pcArancc  of  the  r«I-haired  and  blue-eyed  men  from  Jiurope.  Less  than 
tn'O  ihonsaiid  years  ago,  the  Koman  authors  bear  their  concurrent  tcati- 
ntony  to  the  fact  tliat  the  inhabitants  of  Britain,  Gaol,  and  a  large  portion 
of  Gerniany  were  of  that  kind.  But  no  one  would  accept  auch  a  descrip- 
tion aa  correct  iit  our  times.  By  sonic  writers,  who  have  not  taken  eii- 
lai^;ed  phyaiologieal  views,  tliia  curiuuB  cireuuistauce  Las  been  attempted 
to  be  explained  on  the  liypotheaiB  of  a  more  jirolific  |wwer  of  the  brown 
or  black  liaircd  and  darker  man.  That  this  is  correct  not  a  shadow  of 
evidence  can  be  offered.  The  supplanting  of  tbo  red  by  the  black  haired 
man  la  neither  on  ao^nunt  of  any  insidious  or  involuntary  extermination, 
nor  because  of  the  numerical  pressure  alluded  to.  The  ■true  {;4_»,rfihi. 
naaon  is  tkat  the  red-liaiFcd  man  hus  lumBclt*  been  alowly  ftppuncdi*- 
changing  to  get  into  coiTespondence  with  the  conditions  tliat  "pi****"**- 
have  been  introduced  through  the  gradual  spread  of  civilization — condi- 
tions of  a  purely  physical  kind,  and  with  which  the  dm'kcr  man  wa^  more 
nearly  in  unison  ;  for  though  it  might  bo  i^Iiown  that  the  climate  of 
Europe,  by  reason  of  the  removal  of  forests,  and  other  causes,  cli  ieHy  agri- 
coltnral  in  their  nature,  has  undergone  a  change,  this  is  nothing  compared 
with  tlie  changes  that  have  been  accomplished  in  domestic  economy  by 
l)Cttcr  clothing,  and  more  comfortable  lodging  and  focKl,  and  thexe  are  par- 
allel to  actual  elianges  in  cUmale.  What  a  contrast  biTlwoen  ttio  starved, 
naked,  and  almost  houstdess  jM-Asanl-sav't^es  of  the  times  of  Ocesar,  and 
the  well-fed,  wcU-cIothcd.  and  wcll-IiouBcd  agricultxiral  laborers  or  mann- 
fiKturing  operatives  of  our3,  who,  though  they  may  be  living  in  the  same 
gen^praphical  region,  ore  Uicrally  in  a  warmer  and  more  genial  climate— a 
climate  with  which  man  is  only  in  correi^pondcnce  when  liis  skin  Is  of  u 
darker  ahade^  and  his  hair  of  a  brown  or  black  color! 

From  these  invetttigutious  of  the  anutomickl  peculiarities  of  the  nations 
of  men,  we  may  turn  to  those  of  a  mental  kind,  wliicli,  in-  ^.^  inuiitci- 
decd,  arc  derivatives  thereof.      l>oubtIesa  the  intellectual  v&l  qiMtitiu  gf 
qualities  arc  manifested  in  the  expression  of  the  oountenance  *""*" 
and  in  the  niparity  and  form  of  the  skull. 

Considering,  for  the  sake  of  convenience,  groups  of  nations  as  Ui^ 
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are  diBtributed  geographically,  thoagh^  as  we  have  Been,  thia  ia  a  diris- 
ion  which  has  no  philosophical  foundation,  we  may  proceed  to  an  exam- 
ination of  the  psycliical  state  of  the  European  and  Asiatic,  whose  faistOTj 
furnishes  us  abundant  materials  for  this  purpose.  The  black  nations  of 
A&ica  and  the  ted  tribes  of  America,  from  the  imperfect  advances  they 
have  made  toward  civilization,  can  supply  but  few  facts  for  snch  an  in- 
vestigation. 

We  can  not  read  the  histories  of  Europe  and  Asia — we  can  not  exam- 
Sjntheticai  ^"^  the  present  condition  of  those  continents,  without  coming 
mindofihe  to  the  conclusion  that  the  people  inhabiting  them  possess  a 
lyticni  ^ind  of  different  mental  constitution.  After  what  has  been  said  re- 
ihe  Europewi.  apecting  the  influence  of  physical  circnmstances  on  the  or- 
ganization of  man,  it  is  unnecessary  for  us  to  inquire  here  in  what  that 
difference  has  originated.  It  is,  perhaps,  most  significantly  expressed 
if  we  say  that  tlie  mind  of  the  Asiatic  is  essentially  synthetic,  that  of  the 
European  analytic  The  former  is  the  creator  of  systems  of  theology, 
law,  science,  some  of  which  have  endured  for  thousands  of  years,  sad 
have  been  adopted  by  a  large  portion  of  the  human  race.  The  latter 
pursues  his  course  in  a  way  less  grand,  but  which,  since  it  has  a  better 
ascertained  foundation,  leads  to  more  certain,  and,  in  the  course  of  cen- 
turies, will  show  more  powerful,  widespread,  and  equally  lasting  results. 
The  intellectual  peculiarity  of  the  Asiatic  has  been  attended  with  the  ad- 
vantage of  producing  an  almost  definite  social  state.  In  Asia  the  cus- 
toms remain  invariable ;  every  thing  is  in  a  state,  as  we  might  term  it, 
of  stagnation,  or,  as  they  consider  it,  of  repose.  On  the  other  hand,  the 
analytical  tendency  of  the  Euroixian  has  led  to  the  intellectual  and  polit- 
ical anarchy  of  our  times,  when  fundamental  doctrines  of  every  kind  are 
called  in  question,  and  scarcely  two  men  can  be  found  whose  views  on  re- 
ligions, political,  and  social  questions  coincide.  In  Asia  there  are  no 
questions,  but  only  affirmations.  Europe,  except  when  the  Church  for 
a  tlioiisand  years  enforced  the  Asiatic  system,  has  ever  been  prone  to  ask 
questions.  Since  the  fourteenth  century,  when  she  returned  to  this  pro- 
pensity, she  has  been  passing  through  a  chaos  of  doubt  in  the  innumer- 
able answers  she  receives. 

AVith  an  intellect  of  this  analytical  kind,  it  may  be  doubtful  whetlier 
KeccMitj-  of  the  European  could  ever  have  spontaneously  entered  on  the 
EuTO^wan  d'v-  carecT  of  civilization.  The  contact  of  the  Asiatic  was  essen- 
iiizaiion.  tial  to  him,  as  giving  him  the  material  on  which  to  work. 

Nor  was  it  of  importance  whether  the  basis  from  which  he  thus  started, 
and  the  additions  which,  from  time  to  time,  he  has  received,  were  true  or 
false ;  they  furnished  liim  with  the  essential  condition  tliat  was  wanting. 
The  dissector  must  have  his  subject  The  history  of  Europe,  whether 
as  regards  philosophical,  religious,  or  political  affairs,  bears  the  impress 
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they  tend  to  tlie  homogeneous. 
and  more  heterc^neoui*. 

Thus  compared  with  that  of  the  Asiatic,  it  can  not  be  dontetl  tlial  the 
niiiid  of  the  KuropeaD  is  vi  the  higher  order.    Moreover,  tliough  c«i>i|>ari*ou 
oiir  moral  tiuaiitiea  anj  not  wniiil  to  our  intcllrctual,  the  man-  ^Lj'e  ^,.^l!iL 
ner  in  which  wc  act  in  tlie  conditions  in  wJuch  we  are  placed  inuUMi. 
asserts  our  superiority  even  in  that  regard.     The  instances  are  many  ii\j 
which  we  do  not  dare  to  carry  our  convictions  into  execution,  and  eadi 
of  theae  illustrates  the  inequality  here  8«t  forth.     To  be  content  with  the 
cliancea  of  things,  to  suHcr  Iht*  cveiitw  of  life  uncomplainingly,  is  surely 
not  80  worthy  a  cluiracter  as  to  demand  u  reason,  and  to  accept  the  con- 
serjuencea  of  reaistance. 

The  inteHectufJ  superiority  of  the  Kuropean  ov(v  the  .\fliatic  is  Btrik- 
tnglv  illustrated  hv  their  relative  power  over  the  African,  who  _.  .  _. 
18  confessedly,  in  this  respect,  beneath  them  both.     To  go  no  )»•  i«ifl"«i»« 

thiT  back  than  the  last  ten  centuries,  both  have,  in  their  ""  ^  *■• 
:ial  way,  e^certed  their  influence.  Here  and  there,  on  the  outskirts 
of  that  great  continent,  the  European  has  made  a  faint,  but,  at  the  best, 
only  a  transitory  tm}m^flsion :  the  Asiatic  lias  jwrvadcd  it  tlirough  and 
through.  Of  the  promil^ing  churches,  which,  in  the  early  days  of  Chris- 
tianit}',  fringed  the  northern  coast,  aearoe  any  vestige  now  remains ;  the 
faith  of  Arabia  has  not  Only  supplanted  them,  but  in  spreading  even  to- 
ward tlie  Cape  of  Good  TIo|>e,  and  this,  as  it  would  appear,  spontaneous- 
ly. On  the  other  hand,  the  European,  with  that  universal  charity  which 
is  bis  noblest  attribute,  has  spared  no  exertions  and  no  expense  to  dif- 
fiisp  the  blessings  which  have  been  conferred  by  i'rovidcnce  upon  him : 
and  ret  it  would  seem  to  be  in  vain,  though  enforced  by  the  great  exam- 
ple of  his  civilization  and  [xiwcr.  In  this  ive  sec  the  affinity  of  the  mind 
of  Atricft  with  tli.it  of  Asia,  of  which  it  is  an  oxa^ration,  and  its  incon- 
gruity with  that  of  Europe.  It  can  not,  in  its  present  stale,  appreciate 
our  manner  of  thinking ;  it  can  not  embrace  our  conceptions  of  truth,  but 
delivers  itself  unrcsiaiingly  to  the  dogmas  of  the  E^st,  with  all  llieir  er- 
rors of  faith  and  all  their  imperfections  of  polity. 

Since  I  have  been  drawn  into  a  psychical  comparison  of  the  Astatic 
and  European  in  the  foregoing  particulars,  it  may  not  be  p^.i.  .* 
amiss  to  consider  the  two  races  in  another  important  respect,  wmiim  in  AaU 
the  condition  of  their  females.  In  the  barbarous  state,  the  •"  "  P*- 
woman  is  the  slave  of  the  man  :  the  ^lohammcdon  makes  her  his  toy,  the 
European  his  companion.  Tlic  avarice  of  the  former  for  beauty  is  re- 
placed in  iho  latter  by  an  avarice  for  wcaltit  The  treasures  of  ttie  one 
ore  placed  in  a  harem ;  those  of  the  otlier  are  perhaps  invested  In  the 
pabUc  stocks. 
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The  natiiTa]  [losUion  of  (he  female  sex  in  this  respect  is  iiiJit 
onco  by  the  reUtion  of  nunilwra.  In  Knropc,  for  every  10(3  male  bil 
there  arc  100  female,  and  as  tbe  sex  of  offspriog  is  mtJueocod  by 
relative  agea  of  the  parent.'',  the  older  parent  giviiig  a  tendency  to  its  own 
sex,  vro  may  reasonably  GU|iposc  that  in  tlic  infants  bom  of  polygainy 
the  males  will  prc|}onderalu.  reversing  the  n»ult  which  is  obeenfd  in  ihr 
graat  citiea  of  VVeatcni  Kurope,  in  which  the  nitio  of  female  birtlu  riaw 
above  its  tmc  mean  by  nearly  four  per  cent,  when  those  birtha  are 
gitiniatc  In  that  term  of  the  market,  four  per  cent.,  what  a  volume 
iitfummtion  is  here  convoyed  I  It  tells  ns  that  the  Kiiro))eaQ  female  < 
not  fall  at  once ;  that  there  intervene  years  of  resistance  to  temptation,  i 
straggle  of  virtue  against  p(.-nury  and  distress,  but  it  also  reveals 
precocious  wickedness  of  man  I 

Considering,  therefore,  the  near  equality  of  male  and  female  births,  w( 
may  truly  assert  that  monogamy  is  the  proper  condition  of  our  specie*!^ 
and  that,  apart  from  its  social  evils  and  criminality,  polygamy  is  an  un- 
natural state.     I  shall  pass,  as  unworthy  of  notice,  the  assertion  of  those 
who,  in  this  Christian  country,  practice  so  shameful  a  vice,  that  we  might 
M  well  divide  the  number  of  square  acres  on  (he  liice  of  the  globe  by  tl 
number  of  its  inhabitants,  and  declare  it  to  be  immoral  in  any  one 
possess  a  larger  estate  than  corresponds  to  the  quoticiit  thereof, 
knowlcilging  the  natural  depravity  of  llie  human  licart,  I  accept  wit 
humittation  the  xcbukc  that  the  most  etdightencd  communities  t^'xhiUf' 
in  these  respects  a  deplorable  s[)ectaclc  and  that  tlic  vices  of  the  )Io> 
hammcdan  harems  Bnd  tlicir  full  counterfioisc  in  the  gr^ncral,  the  awful. 
and,  in  many  places,  the  legalized  prostitution  of  Cliristian  cities. 

Europe  has  adopted  as  tlic  fundamental  Uisis  of  its  religious  syst 
Bfoct*  of  i>o-  *'"^  grand  Asiatic  truth  of  the  unity  of  Ciod,  but  in  its  famil] 
iygumy  aM  system  it  has  rejected  tho  innneniorial  and  widespread  Asa 
"""*■■"*'  atic  practice  of  polygamy.  That  circumstance  has  made 
what  it  is.  The  monogninoua  habit  has  tended  to  draw  the  taiuily  xti 
more  firmly,  and  has  led  to  the  acciunulntion  and  transmission  of  wealt 
from  generation  to  generation  in  the  same  house.  With  this  hn've  i 
a  liability  to  concentration  of  power  in  castes,  and  tlie  use  of  sutub 
which  have  perpetuated  family  interests  and  Ijunily  pride.  In  Kuro[ 
the  career  of  improvement  is  in  tlie  society ;  in  ^\sia  it  is  in  the  individ-^ 
ual ;  the  unknown,  starving,  illiterate,  but  strong-willed  soldier  of  to-day 
is  the  Pasha,  the  (Caliph,  the  Kmperor  lo-morrow.  The  castes  of  Iiwli^ 
rh«  r««pMtlT«  form  but  a  trifling  cxcqilion  to  the  fact  (hat,  in  tlic  midst  oil 
53»'widEi»-  *  universal  (IcHjiotism,  tho  primeat  democratic  clement  i* 
ropo.  concealeil,  fur  the  career  is  open  to  talent.     Through  tltb>. 

Asia  has  asserted  her  superiority  again  and  again.     Europe  has 
produced  a  great  lawgiver;  Asia  has  produced  many.     Generations 
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itirec  ImiKlred  luillioiis  of  uicn  have  followed  tUc  maxima  of  Confiidus  for 
iwo  thoui^aiu)  yeiiris,  three-  liumlni'd  niiliioiis  are  the  follon-crs  of  Moham> 
med.  Tlie  faiths  which  govern  the  ttaily  lU'e  of  two  thirtlg  of  ihp  humait 
race  may  well  be  an  awful  spectacle  to  us — the  more  awful  ticcau«e  wr 
ktiow  that  they  aro  a  delusion.  The  only  approach  to  these  great  resullh 
in  the  Western  Continent  is  in  the  suprcmaoy  of  the  Italian  Chtircli ;  ba: 
Rome  owed  the  origin  of  her  system  to  Asiatic  missionaries;  nor  waa  it 
the  comjiloted  work  of  the  hand  »>f  one  niau,  it  waa  the  ofltipring  of  oen- 
tozies.  the  joint  issue  of  a  long  line  of  illu5trioaB  sacerdotal  kings.  In 
military  life  the  highest  c]ualities  shine  forth.  If  the  talent  for  command 
and  the  capneily  of  a  statesman  am  to  he.  meoaured  by  the  grandeur  uf  nn- 
dertakingM  and  their  «m'CC8a,  it  still  reniaina  for  Kiiropc  to  proiluce  a  sol- 
dier the  equal  of  OenghiB  KJian,  and  a  king  like  Tamerlane.  These  great 
captains  held  almost  aJl  Asia  in  their  iron  grasp.  The  opinions  we  com- 
monly hold  respecting  these  illut^trioiu)  men  have  come  to  us  through 
perverted  channels.  Such  prodigious  successes  as  theirs  imply  the  high- 
est intcIlL-ctuul  powojTs.  Their  true  character  appears  when  we  compare 
them  willi  their  KuruiH*.an  eonteniporarititi.  At  the  »une  time  that 
Cliarles  VTI.  of  KrariL-o  was  niyslifying  his  people  with  the  imposture  of 
Joan  of  Arct  and  Henry  ^'I.  of  Knglaiul  was  engaged  in  the  burning  of 
necromancers  who  liad  attempted  his  life  by  niflting  an  enchanted  wax 
image  before  tlie  fire,  Ulng  Beg,  the  grnndwou  of  Tamerlane,  waa  de- 
termining will)  precision  the  latitude  of  Samarcand,  his  capital,  witli  a 
mural  quadrant  uf  ll^O  feet  mdius,  and  making  a  calaloguu  of  the  slarf 
from  his  own  obser>atioiis,  which  more  than  200  yearu  subser^uently  was* 
printed  at  the  Untversity  of  Oxford. 

If  the  Kurop«!an  wishes  to  know  how  much  he  owes  to  the  Asiatic,  he 
lias  only  to  cast  a  glance  at  an  hour  of  hiH  daily  life.  The  ContriiniiigB- 
clock  which  snmmona  him  from  his  bed -in  the  morning  was  ,oi;„„p^' 
the  invention  of  the  I'^st,  &n  were  nUo  clepsydras  and  sun-  cUiliuiian. 
diala.  Tlie  prayer  for  his  daily  bread  whicli  he  has  said  trom  his  in- 
fancy Rnt  rose  from  the  side  of  a  S^Tian  mountain.  The  linens  and 
Ittons  with  wtiich  he  clothes  Iiimself,  though  Lhey  may  be  very  fme,  on* 
rior  to  those  which  liave  been  made  tiuiu  iunm;morial  in  tlie  looms  of 
India.  The  sitk  was  stolen  by  aomc  missionaries,  for  his  benefit,  from 
China.  He  could  buy  better  steel  limn  thai  with  which  he  shaves  hun- 
self  in  the  old  thy  of  Damascus,  where  it  was  first  invented.  The  cof- 
fee he  expects  .it  breakfast  was  first  grown  by  the  ^Vrabians,  and  the  na- 
tives of  Upper  India  prepared  the  sugar  with  which  he  sweetens  it.  .1 
schoolboy  can  tell  the  meaning  of  the  Sanscrit  words  sacchnra  candn 
If  hiB  tastes  are  light,  and  he  prefers  tea,  the  virtues  of  that  ejccclleni 
leaf  were  firbt  pointed  out  by  the  industrious  Chinese.  They  also 
laaght  him  how  to  moke  and  use  the  cup  and  saucer  in  which  to  Kivc 
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it.  His  brcaklast-lray  was  lacquered  in  Japan.  There  is  a  tradftioi 
Uiat  l«areric<I  broad  vrm  Bret  made  of  the  waters  of  the  Ganges.  Tl 
egg  he  18  breaking  «  as  laid  Ijv  a  fowl  whose  ancestors  were  domesticatetl 
hf  tlic  Malaccans,  unless  elie  majr  hnre  been,  thougb  ittat  will  not  altpr 
the  rant,  a  modem  Shnnf»Iiiu.  If  there  are  presenres  and  frtiits  on  ha 
boanl,  let  him  remember  with  tliankfiilneM  tliat  Poreia  first  gn^"*  him 
the  cherry,  the  |>ejich,  the  pinm.  If  in  any  of  those  delicate  preparaiioi 
he  detects  the  6nvor  of  alcoliol,  let  it  remind  him  that  that  ^nb^tiince 
first  distilled  by  the  Arabians,  who  have  set  him  the  praiseworthy  exam*^ 
pie-,  which  it  will  !«  for  his  benefit  to  follow,  of  abstaining  from  its  use. 
Wben  he  talks  about  coffee  and  alcohol,  he  is  nsing  Arabic  words.  A 
thotuond  years  )>etbre  it  had  occurred  to  him  to  enact  laws  of  rcstrirtion 
on  the  use  of  intoxicating  drinks,  the  Prophet  of  Mecca  hnd  aceomplish- 
ecl  the  same  object,  and,  what  is  more  to  the  purpofte,  has  compelled,  iQ^H 
this  day,  all  Asia  and  Afiica  1o  obey  it.  We  gratity  our  taste  for  per^^H 
sotud  ornament  in  tlic  way  the  Orientals  have  tanght  us,  with  pearls,  ra- 
bies, sapphires,  diamonds.  Of  public  amusements  it  is  the  same:  the 
most  magniSecnt  lircworks  arc  still  to  be  seen  iu  India  and  China ;  aiid 
as  regards  the  pastimes  of  private  life,  Kurope  has  prodnced  no  invention 
AaUUc  MDtri-  wdiich  can  rival  the  game  of  chess.  We  have  no  hydraulic 
bBtiMuin  «rt.  constructions  as  great  as  the  Chinese  canal— no  tbrtiticationa^J 
as  extensive  as  the  Chinese  wall ;  we  have  no  artfsian  wells  that  can  4^| 
ftll  approach  in  depth  some  of  theirs;  we  have  not  yot  resorted  to  the 
pniclice  of  obtaining  coal-gas  Irom  the  interior  of  the  earth:  tJiey  hav« 
borings  for  that  purpose  more  than  3000  feel  dec-p. 

Similar  observations  may  be  made  if  we  examine  the  .-Vsiatic  eontri 
j^^       ^    tions  to  science.     While  the  learned  of  Kurope  wem  forhi 
hotiocu  in  »d-  ding,  as  a  heresy,  tlie  doetrine  of  the  glolmlar  figure  of 
"■**  earth,  the  Caliph  Ai  Maimon  was  measuring  the  length  of  a 

d^pree  along  the  shore  of  the  Red  Sea.     He  and  his  successorif  repeat- 
edly determined  the  obliquity  of  the  ecliptic     A  Saracen  constructed  the 
first  table  of  sines,  another  explained  tlw  nature  of  twilight,  and  showeii 
the  importance  of  allowing  for  atmospheric  refraction  in  astroiMimical  ob- 
servntious.      Algebra  itself  was  invented  and  brought  into  Kurojie  by 
Mohammedans,  who  gave  it  the  name  it  bears.     Tlie  sanw  may  Ite 
of  chemistry.     It  is  needless  to  pursue  tliene  stutements,  for  whoever 
lake  tlic  trouble  to  look  into  the  history  of  any  branch  of  science  existin, 
in  the  scrcntcenth  century  will  find  how  deep  are  its  obligations  to  Aai^ 
I  shall  therefore  add  but  one  (act  more,  the  invention  of  the  figures 
arithmetic,  which  in  reality  gave  birth  to  that  science,  and  laid  know 
edge  and  commerce  equally  under  obligations.     From  its  BimpUcit; 
beauty,  and  antversality,  this  invention  alone  is  enough  to  uommand 
gratitude  of  ihc  human  race.      The  maimer  of  using  the  cipher  an' 
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placing  ilie  liguies  la  one  of  the  happieat  suggestions  of  the  genius  of 
iiun. 

I  shsll  not  set  in  contrast  with  these  statements  a  catalogue  of  the 
contributions  of  the  Eutopcau.  We  know  our  own  doings  well  enough; 
but  SUL-Ii  fuels  as  the  prewdltig  may  Kcrve  to  remind  us  thai  the  iCun^ 
(lean  ts  no  mom  Justilicd  in  ignoring  the  obligations  he  is  under  to  the 
Asiatic  tlian  tlie  Asiatic  is  justified  in  regarding  him  an  a  barbarian. 
In  the  advance  of  our  conniion  humanity,  both  hare  taken  and  still  are 
taking  their  »liare.  The  European  has  brought  to  the  new  continent  he 
Uiscovered  bis  religion,  las  laws,  his  Literature,  his  science,  and  it  may  be 

I  a  prolilable  subject  of  reflection  to  liim  that  under  ihcm  the  Xudii.ii  is  dy- 
ine  awav.     7*he  ^Vsiatic  has  likcwi.^c  curried  the  Koran  into  __  .    . 

.Africa.  Our  prejnUieofl  and  c:ilui:alion  ought  not  to  conceal  Mob.iiHinMkit> 
(rotn  us  that  there  must  Biirely  Iw  some  ada]>lcdm"ss,  even  "™ '"'  * 
if  it  be  it)  a  »^>nsuiil  reA])ect,  botwcen  its  doctrines  and  the  idcaa  of  many 
climates^  many  nations,  inuny  colors.  TIic  light  of  the  ^VrubioD  crescent 
shines  on  all  countries  from  IhcUulf  of  Guinea  to  t!ie  Chinese  wall.  In 
ibose  pestilential  and  sun-burnt  forests  under  titc  equinoctial  line,  cit- 
ies arc  springing  up  wiih  tlicir  tcn^  their  ttrcnty,  their  tifiy  thousand,  in- 
Iiabilants.  That  tmphea  subordinatjun,  lanr,  civilisation.  It  may  be 
tliat  thi-i  is  not  a  course  of  events  which  would  liavc  been  cliosen  by 
the  French  on  the  north,  with  thrir  military  colonics  ;  tlic  Knglish  on  the 
i^utli,  with  their  commen-ial  establishments;  the  Americans  on  the  west, 
with  their  poUtical  institutions ;  but  it  is  the  course  of  Frovidcucc  Lot 
us  bu  thankful  if  the  African  is  rescued  from  the  abyss  of  barbarism,  and 
brought  to  a  knowledge  of  our  higher  morality  and  holier  reUgion,  as 
brought  he  will  be  at  last,  even  though  it  be  by  the  hand  of  the  Prophet, 
in  the  following  chaptoj-  I  sliall  have  some  remarks  to  make  rcspocV 
ing  the  manner  in  wliich  the  civilij^ation  of  Kurope  was  ac-  p— — ^h, 
uomplishc<1,  and  shall  oder  reasons  for  supposing  that  its  es-  riviiiMuioa  of 
sential  condition  was  a  physiological  change  in  the  inhabit-  "**" 
anta.  \Vithout  troubling  the  i-eader  with  dctaiU,  I  may  here  incident* 
ally  observe  tluit  the  spnmd  of  Molianimrdanism  in  Africa  is  altogether 
owing  to  its  having  lii-t-n  introduci><l  in  tlic  rigtit  direction.  It  apppArs  to 
me  ho[>eless  lo  attempt  the  amelioration  of  tlial  continent  from  its  west- 
ern shore.  Whatever  is  done  must  be  done  from  tbe  East.  In  power 
of  intellect,  and  in  a  disjKisition  lo  appreciate  our  civilization,  the  inhab- 
itants of  the  countries  boriloring  on  the  Keil  Sea  arc  far  superior  to 

[tliose  on  the  Atlantic.  It  does  not  seem  well  to  begin  with  tliosc  wlio 
urc  tlic  least  prepared.  AVc  do  not  commonly  expert  success  from 
operations  conducted  at  an  eccentric  point.      The  Koran  has  spread  be- 

'cause  it  has  availed  itself  of  the  great  lines  of  trade,  which  reach  from 
J  ho  Red  Sea  to  the  interior  of  the  continent;  it  iias  spread,  not  because 
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uf  its  doctrinal  theolog^r  or  theoretical  politics,  but  because  it  i«  con 
cA  in  tlic  amendment  of  tlie  aocial  condition  of  the  jieople.  That  is  pre- 
ciAclj  thp  principle  which  accomplished  the  civ'dization  of  Europe ;  and. 
with  regard  to  the  capacity  of  those  nations  to  receive  ChriMianity,  irr 
may,  even  to  our  shame,  ivciiU  the  circumstance  that  the  Abyfisinians  oti^ 
yet  a  Christian  people,  still  retaining  the  ancient  faith  delivered  to  the^J 
in  the  apostolic  ages,  when  our  forefathers  were  [uigAii  barliarians.  Stf^H 
rounded  by  the  most  deprvflsiug  and  antagoiuzing  infiaenccs,  they  harr 
held  fast  to  their  faith  fur  nearly  eighteen  crnturies.  The  hoary  Abys* 
sini'ui  Church  carries  us  back  beyond  tlieClouneil  ofCluUeetlcm  and  thr 
disjiuteK  of  the  Eutychions;  its  Uteratare  is  fall  of  lite  i^ucstions  whicli 
exerciiwd  the  faillifiil  in  tlvc  primitive  times  of  the  brethren  at  Jonisalein 
— circumcision,  tilings  stranglcil,  meats  prohibited  by  the  law  of  Moses: 
and  yet,  to  the  discredit  of  the  European  ami  American,  it  must  be  iuid 
that  this  Church,  full  of  incidents  of  the  most  singular  and  loui'hing  m- 
lerest,  has  scarcely  had  ^wtth  one  exception)  any  sympathy  exten(h-tl  i 
it  by  other  Christian  people. 

From  these  conside-nitioiis  of  the  effects  of  Asiatic  civilization  u 
fiprcAd  of         Africa,  we  may  profitably  turn  to  a  brief  statement  of  that 
it^lwiTAlie"  1^»">P«  «pon  the  red  races  of  America.     This  result  in  t 
itM.  two  continents,  north  and  south,  is,  that  in  the  latter,  oot 

almost  1,700.000  aborigines,  nearly  1,000,OUO  have  embraced  Christi 
ity,  less  thiui  100,000  remaining  in  the  savage  stale.     No  such  favoia 
impression  bos  been  made  upon  the  aborigines  of  the  northern  conth: 
who,  as  is  well  known,  are  steadily  diiiiitushing  in  numbers,  and  m 
Irilxta  that  were  once  numerons  have  disapjwarvd.     This  lias  takeo 
notwithstanding  the  cure  which  has  been  manifested  by  the  government 
of  tlie  United  Stales  for  all  those  who  arc  within  its  territories.      It  does 
not  appear  that  the  conclusion  which  has  been  drawn  by  some  eminent 
authors  in  view  of  these  £ict8  can  be  maintained,  that  "this  consi< 
tion,  if  wo  can  seimmte  il  from  the  events  of  the  Spanish  conrpiest, 
which  it  is  to  lie  hojied  that  tbe  soldicrifi,  and  not  the  ininistt^irs  of  rcli 
ioti,  arc  responsible,  must  be  allowed  to  reflect  honor  on  the  Koman  C» 
olic  Church,  and  cast  a  deep  shade  on  the  history  of  Protestantism. 

That  this  conclusion  is  incorrect  is  shown  at  once  by  ihc  vcrj-  tab 
•  that  arc  relied  on  for  its  support.     Out  of  the  100,000  aborigines 
South  AoH'rica  who  remain  heacben,  more  than  G(>,000,  that  is  to  sa; 
two  thirds,  belong  lo  the  Araucanian  and  Patagonian  bmnvhes,  who 
tlio  counterparts  for  that  coutinent  of  the  Indians  of  the  United  Si 
and  Britisli  Amerii^an  territories  in  this.     U[K)n  these  it  may  be 
said  that  no  impression  whatever  has  been  made.     Of  the  Pata, 
branch,  estimated  at  more  than  32,000,  only  100  individuals  are  sta 
to  have  cmbmccd  Christianity,  and  of  the  Araucanian  branch,  conaisli 
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rf  34,000,  not  one.     Tl  is  by  Jiringiiig  into  these  dtscusaious  iLe  siiigu- 
Lit  and  widespread  error  that  all  the  aboriginal  Auicrioan  tribue  are 
alike,  and  bv  iiol  making  due  allowance  for  their  habits  of  life,  iheiri 
Itbysical  and  mental  endowments,  that  this  mistake  has  ariBen;    but 
whoe\-er  will  consider  tlie  facta  as  they  acltinlly  stand  must  come  to  thr 
mncln&lon  that  tliert^  arc  just  as  well-marked  ditfercnce.i  among  thc«; 
jicnplc  as  there  are  in  the  climates  and  circumstances  in  which  they  live. 
Intellectually,  there  is  even  a  greater  difference  between  the  Indian  of, 
the  Uniltnl  States  and  the  Indian  uf  Peru  than  there  is  in  iheir  physical'' 
aspect.     The  one  is  an  intractable  savage,  the  other  docile  and  easily 
led;  the  one  has  never  yet  been  enslaved,  the  olher  prospers  and  in- 
cteascs  in  niim)>iT,  tlioiigh  he  has  mii^tuined  oil  the  ooiise(|uence-t  of  the 
atrocities  oftiio  8[uiiii!4li  Conquest.     By  cluuiee,  or  perhaps,  as  wo  should 
more  truly  say,  through  Providence,  the  field  of  Catholic  labor  has  beei|.J 
among  the  more  docile  races,  that  of  Protestant  among  the  more  untani- ' 
able,  and  the  result  ia  exactly  ducIi  us,  under  those  circumstances,  the 
philosopher  would  be  led  to  expect. 

I  can  lint  here  avoid  recuUiug  to  the  attention  of  the  reader  what  I  bare 
aaid  re^[Hu;titig  the  coni|)ai7iiive  progress  of  Christianity  and  Moliammed-J 
anism  in  .Vl'rica,  for  we  litid  upon  our  own  continent  a  repetition  of  the 
facta  whicli  were  presented  lo  us  there.  The  cliances,  if  such  a  term  can, 
on  this  occasion,  with  propriety  bo  used,  of  the  dilTiision  of  Christian  civ- 
ilization, ore  directly  proportional  to  the  existing  intellectual  development 
of  the  community  amutig  nhom  the  attempt  is  made.  31ohammedauism 
has  diffused  ilMdf  in  Africa  for  prix-iscly  the  same  reason  that  C^ilholi- 
uiem  has  succeeded  in  America — because  its  u|ffiration  was  oomntenced 
u|>oii  those  tribes  best  prepared  to  receive  it. 

AVe  can  not  have  a  more  striking  instance  of  the  effect  of  climate  on 
civiliitation  than  that  which  is  offered  by  the  American  In-  ntuRiraiivi  of] 
diaiis.  As  ia  well  known,  tliough  tliroughoul  all  those  lati-  jHtii*woi«dy. 
(udcs  in  whidi  life  is  iiiainlaincd  with  dilhculty,  by  reason  iituiion. 
of  their  inclemency,  all  the  tribes,  both  of  the  north  and  south  continent, 
were  in  n  barbarous  slate,  yel  in  those  more  pleasant  countries  toward 
the  ettualor,  in  which,  by  reason  of  the  natarul  ffrliUty  of  tlic  Boil  and  a 
higher  mean  temjjcrfllure,  (he  inhabitants  had  little  occasion  to  work,  and 
passed  thetr  lives  in  comparative  plenty  and  case,  a  special  ci\-ilization 
bad  arisen.  It  is  of  no  little  interest  to  observe  how  the  main  features 
of  Asiatic  and  European  civilization  were  presented  in  this  case,  doubt- 
less without  any  communication  willi  those  continents,  for  it  shows  how 
the  hiinian  muid  is  ever  prone  to  unfold  itself  in  the  same  way,  to  give 
birth  lo  tlw  same  idcaa  and  to  the  same  invcniiona.  Tim  cMHrttUiB  rf 
civilized  Americans  tif  Mexico  and  Pent  were  organized  in  UHuopksitb> 
communities  not  unlike  those  with  which  the  white  man  is 
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dsewherc  ramiliar.  living  in  cities  wlilch  were  regulated  fay  mt 
laws  fuitiiliur  I'liough  to  us,  maintaining  among  thdr  sodal  institndonit ' 
Axed  ideas  respecting  property  and  ftunijy  rights,  hovinj^  a  TiAtional  reli^ 
ion,  an  established  prirsthond,  and  the  means  of  Tpcording  events,  which, 
though  inipertecl,  were  not  unlike  those  which  obtained  in  the  earlier 
nods  of  our  own  civilisation.  If  they  had  not  a  knowledge  of  iron  and 
the  plow,  they  bad  already  fallen  U|>on  the  early  Asialic  plan  of  aubju'^ 
gating  and  domesticating  such  aniraals  a^  were  suitable  for  their 
poaea.  Civilization  aroae  among  these  people  in  similar  IncaUlius  on^ 
under  ainiilur  ctrcumsiano^B  of  life  an  it  Iiad  arisen  among  our  ancestors^ 
in  tlie  Old  World,  and,  such  i-i  Ute  sami^nesa  of  constitution  of  the  he 
mind,  waa  advancing  in  exactly  the  same  way. 

Although,  for  a  time,  among  the  degenerate  descendants  of  the  Span- 
cjndvftl  ex.      iards,  the  South  American  Indian  may  maintain  hiinaell^  bat. 
LbKtion  p*  iiw)  little  doubt  can  be  eutertained  that  the  same  deatiiir  atmilal 
URiperata         him  which  has  betalleu  his  Xorth  American  lirother.     lie 
■""-  can  not  withsiand  that  enterprise  and  activity  which  arr 

leading  to  the  extension  of  tlie  wliitc  invaders  of  his  native  soIL     Kven 
though  the  age  of  cruelly  to  these  unfortunatea  has  paaacd  away,  neveri 
more  to  return,  and  enlightened  governmcjits,  aniroaiod  by  scntimentaJ 
into  which  no  mercenary  consideration  enters,  interest  themselves  in  ilieir' 
welfare,  it  is  not  to  bo  supposed  that  nationii  depeudtog  on  such  an  arli- 
licial  support  can  long  continue  to  exist,      in  this  inevitable  decline,  the 
tropical  ruces  may  far  more  worthily  excite  our  commiseration  than  ibosr 
of  the  higher  latiiudejt;  nor  is  their  de]>arture  unavenged:  they  leavetl 
behind  them  two  curses,  tobacco  and  i^yphilis. 

In  conclusion  of  this  partial  examination  of  the  progress  of  the  human 
lUinn-or  family  under  varied  circumstances,  wc  may  remark  a  repeti- 
IHtiM^ta  eiv-  ^'°''  ^'^  *  ^^^^  series  of  changes  to  those  which  havu  been 
tiUMioD.  traced  in  the  psychical  career  of  the  individual,  and  thisi, 

whether  we  consider  the  progress  in  theology,  policy,  philosophy,  or  an} 
other  respect.  It  is  a  continued  passage  from  tlie  general  to  the  special'^ 
— from  the  homogeneous  to  the  lieterogeiieous.  The  histor}'  of  any  of 
the  ancient  nations  might  be  brought  forward  as  an  example.  I'Imerging 
iron]  tlie  barbarous  Ktato,  ihcy  sliakc  otf  their  Kcticblsm,  that  union  of 
the  supernatural  with  the  natural,  which  gives  to  every  wood,  every  tree, 
every  river,  its  presiding  genius  ;  to  families,  their  Penates;  to  tUe  city,] 
and  even  to  the  road,  tht-ir  Lares ;  to  stars,  and  to  stones,  and  to  med- 
icines, their  spirits ;  to  the  uiglit,  its  apparitiona  and  fairies.  It  is  in 
vain  tliat  we  say  these  arc  the  subjects  of  African  credulity.  They  are 
found  in  the  origin  of  all  peojtle.  Our  forefathers  once  clicrished  the  il- 
hisions  which  still  occupy  tho  negro  mind.  Tho  time  came  when  intel- 
lectual development  outgrew  such  base  superstitious,  aiWl  for  a  crowd  of 
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imaginaTj-  inanitie»  were  sHbstiiutod  the  chosen  forma  of  Pftlythcwtn.  It 
is  true  that,  among  Eg>'[jtians,  Hindoos,  or  Greeks,  ibeie  iveie  deities 
enough,  liut  the  process  ol'spceializuhon  may  be  iicvcrthdcss  plainly  dis- 
cerned. The  Fuituh  Btage*  the  Polythcislic  Hlagc,  are  neccBsarily  m- 
i-Iudetl  in  llie  onwiitd  progress  to  a  pure  metaphymcul  Monotheistic  con- 
ception. In  this  it  is  to  be  remarked  that  the  Asiatic  races  TkntrntteiaH 
of  men  Iiavc  led  the  way,  both  in  the  priority  and  striotticaa  |»»«iMti»«. 
of  their  views.  The  great  statcsmni  of  China,  of  India,  of  Arabia,  and 
of  Judea,  ccuturica  ago.  ^Qii/ed  upon  this  aa  the  pivot  of  their  intellectu- 
al and  even  political  systeinB.  To  (be  last  country,  Europe  itself,  as 
history  pruves,  is  indebted  for  this  noble  idea. 

Knropcan  Monoth<?ism  ia  not  indigenous,  but  imported  from  the  Hc- 
K'B,  an  Asiatic  raoe.     The  inlellccaual  condition  of  Ibc  nationti  among 
^whom  it  wart  introduccil  ivaH  but  Jittlc  advanccti,  nnd  (mncc  among  some 
it  came  to  be  dcgradi-d — mixed  up  nnlh  tlic  remains  of  popular  and  ao- 

■  throjMmorphic  conceptions,  which  otherwise  vcrc  gradually  dying  oat. 
For  a  length  of  time  the  pagan  creeds  maintained  a  cundict  vrith  it,  and 
with  diliicidty  it  diaejitangled  itself  from  the  base  features  which  tiicy 

■  undt!itvorcd  to  imprcsa  upon  It,  as  with  the  Hebrews  liicomdvcA  of  old, 
the  {leople  soenied  to  be  reluctant  to  surrender  altogclhcr  their  Polythe- 
istic ideas. 

I  These  Tcm.-u-ks  are  to  be  understood  as  not  applying  to  individuals. 
I'or  in  every  age  and  nation  great  men  liave  arisen,  whose  viewH  on  tlicse 
nnd  ullier  subjects  of  like  vital  importance  were  fiu~  in  advance  of  their 
liuies.  In  their  best  days,  both  tti  Greece  and  Rome,  Uiere  were  men 
who  had  attained  to  the  standard  here  utludcd  to,  but  their  teaching  was 
without  cflect  on  the  popular  mass.  There  was  a  wont  of  Wjuivalcncy 
belwtrji  the  individual  attainment  and  the  race  attainincnL  Though 
individuals  may  be  progressive,  races  are  essentially  conservative;  and 
I' hence  there  will  constantly  arise  agauiat  individual  uttenipts  at  an  ad- 
vance discountenance  and  rc^islance,  an  opposition  which  iij  too  many 
instances  becomes  a  tyranny.  Classes  of  men  are  not  like  inorganic  inaas- 
cfi,  whicli  resist  a  clmnge  by  their  inertia  alone.  The  biography  of  CT- 
i-ry  great  refunner  sliows  that  the  popular  mind  resents  any  disturbance 
of  its  repose  Besistance  hns  to  be  overcome  in  the  moving  of  things, 
resentment  is  added  in  the  moving  of  men. 

To  tlie  philaiitlLropi«t  it  is  a  nio^t  delightful  spectacle  that  the  various 
nations,  in  spite  of  tho  difference  of  their  interests,  their  Exii»n(«a>fa 
creeds,  and  their  {xilities,  can  yet  present  certain  great  priu-  ^iJI^tTiiil^di*. 
'  ctplea  which  they  recognize  in  common,  and  this  is  becom-  mnUnicnwda. 
ing  more  imd  more  marked  with  the  onward  advance  of  the  world.  In 
(ho  course  of  events,  the  «(>eeial  is  ever  coming  out  of  tho  general,  and 
;  great  prinriplcs  of  a  common  morality  arc  gradnally  discntujigling  nnd 
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unfoliiing  tfacins&i>'cs  from  contradictoiy  fomts  of  faitlu  Tha  ChioBBC. 
the  Hindoo,  or  tbe  Turk,  iKough  they  may  not  coincide  with  the  Amcr> 
icjin  or  European  as  to  what  is  to  be  looked  u}x>ii  as  tme,  will  yet  agne 
as  to  what  in  juftc  The  sentiment  of  honor,  the  ideas  of  personal  iol^ 
rity,  are  fail  hcconung  universal. 

Yet  eren  in  ttie#c  later  age»,  there  is  in  this  respect  nothing  new. 
tendeney  of  the  human  miud,  whether  individual  or  collective,  to  the  nine 
dinsclton  ta  ooutinually  manifest — a  premarkcj  and  preilcatiiuai  conxsc- 
in  which  it  most  go.  Our  moxt  refined  notions  of  reeitcadc  contain  noth- 
ing more  than  is  to  bo  found  in  the  little  epitome  of  the  ancient  lawgiv- 
er; for  if  wc  strike  from  the  ten  comnmndments  whalevej-  is  cxplanaton- 
or  threatening,  rcitaining  the  mandatorj'  parts  alone,  there  renmin.'*  what 
eommenda  itself  to  the  understanding  of  intelligent  men  even  of  the] 
most  diverse  nations — the  ackiiowledgmei)t  of  the  unity  of  Ood,  the  ven- 
eration due  to  him,  the  cxpcdicnry  of  a  (hty  of  n-M  (vr  thn  Ulwrer,  tba 
duty  of  lilial  alTei-iiuu,  the  cnunnity  of  murder,  tlie  sin  of  adidlery,  (ho 
crime  of  stealing,  the  shame  of  lying,  and  a  ntrict  regard  for  the  property 
of  another:  these  are  things  whicli  exact  for  tlieiniwlves  a  spontat 
and  universal  assent. 
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Ofm/MHOive  SettoiofiF. — OmnrtioK  ^  Strmetun  md  tliMt. — Ckmniftim  ^Biuprf  atd  ftf- 

■vAjiy.  — /u«cf  Sotieiy. — litKarttt't  DoetriiM  (Ant  JiuteU  an  ^Mowota.— AinmAy  y  a 

MtdiimUm  ^Stfittry/br  AttiiKt,  Aum^  and  CStUiaaim. 
.VaAnQTi/aa.— /jt/bua^'vmMMAn^  OrnaMiuwei  ra  Aim.— /)((M(aHn  ^iU*  Ckrar. 
Oaniui.  Fmtb  or  EuauraAX  Uiim*ny. —finrvdwttwit  fffKyypfim  CmSaatm  JRlvJSmft. 

ThUeyttfj  f^Fmtt  ttg  Wn'tiiMf.—Kytipttw  /Mt'AuifJIy  n  lit  Ortdc  SUlwib.— 7k  /Vw'c 

Ei^rt:  id  Jnjlmfnre.—Aiuttjtirai  QmUilif  tf  HU  iiWvyiMn  JtfiMdl— XyVMwc  1/  dW  Qtvk 

Sciooit  oa  modm  I1nla*epiiif, 
Orijfin  ^  FnfjfteiM  (\tmmrrce.—/ii»mrrrg  pf  like  SimiU  ^  Gibmltar.~MaaA>mum  fV^-ftjT' 

— Ketxm.*! ruction  of  iiftmarrhtf  in  EyypL 
TV  Hamau  Hm/iirt .   it»  rttitmlUiug  tad  cteUaiitf  ^mtr.—Falt  tf  Kmnfttan  fVijiiiwiH       Tii 

fittmct  t^ikt  Clrutiam  Cbmi. — Tie  SabUuA  l)ay.~Thf  tt^oimatiim. 
/lytintiv  of  Jfokammeda»um  on  Harofie. —  T/tt  Ara/i  fiAytuvii  iSwwv. — Tlie  OnmcIm, — Dit- 

tvtvy  ^AuKriia  iy  Mfl  SpOMordt. — /btf  of  iMe  .Sp<mM  I^»ter. 
f^trr  .Veato/  Cimyei  m  EMropc—HimippmnuKK  <^  OxdmStf.—Pl^faohfteat  Clayt  «f  R»- 

rvytttivt. — Fff***  t^f  iMammtdaiatm  in  eiaiiyiifj  (A«  Onttrt  Q^AioOkS  ^Swtftt. — Aui/I- 

tu/  T*9iimey  t^  Oit  Etaofinat  .ViiitL^-Adi<aMlayr*  rrnllbig  Atn^^vm. 

IIavino  described  man  as  an  individual,  we  have  next  to  consider  him 
DmeBdcner  «'  *"  *"*  social  relations;  for  so  closely  are  his  actions  connect- 
mcIbI  Mtwr  on  ed  witli  his  organisation,  that  it  may  be  said  that  univcn^ 
•irnriww.  hjstory  ifl  only  a  chapter  of  physiologj%    It  is  ucknowledgod, 
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even  by  those  who  liavo  given  but  a  su[)erficial  uttentioo  to  the  euhject, 
(Iiat  Ihero  is  a  connection  between  coi*poreal  development  nnd  historioil 
career ;  that  those  mcoa  who  have  led  the  way  in  the  course  of  civiliza- 
tion, anci  those  who  mill  remain  in  the  savage  state,  are  charsctcrii^il  by 
striking  .inatotniral  peculiarilicit.  particularly  in  the  &ixe  &nd  dcvv1o{mienl 
of  their  ccrebrjil  hemispheres.  Such  general  conclusions  are  streiiglheued 
by  our  ob»crvations  on  the  animal  serie»,  the  lower  members  of  which 
ofler  together  a  samenes!!  of  etnicture  and  an  identity  in  their  eourse  of 
life.  In  those  the  metamarjiho.aea  of  which  have  been  fiUid-  sinienireMa 
ied,  it  is  always  noiicwl  that  every  change  of  structure  is  at  taWi  in  ihn 
once  followed  by  a  change  of  Imbit,  yet,  during  the  continuance  '^***''  "••««u. 
of  a  given  condition,  their  manner  of  life  is  without  any  variation.  The 
actions  of  one  insect  arc  for  tlic  most  part  the  actions  of  another  of  the 
same  kind  and  in  the  sanKJ  state,  whether  lar^a,  pupa,  or  imago.  Bat 
in  the  nitd^t  of  all  this  automatism  there  are,  however,  the  glimmerings 
ofa  free  will.  The  animal  world  prcwenis  forcible  illustrations  on  every 
hand  on  the  connection  of  strucUirc  and  habit. 

Philosophical  views  of  human  sociology  are  only  to  bo  attained  by 
irCAting  that  grcAt  problem  in  ihc  same  manner  that  we  have  c<tMi|i«ruivi' 
learned  to  treat  so  many  others  in  physiology-  We  must  in-  ••^"'"iD'- 
elude  in  onr  discussion  all  other  animal  races,  and  not  close  our  eves  to 
llie  fact  that  there  is  HUch  a  thing  as  comparative  sociology.  We  ob- 
sorve  the  republican  propensities  of  the  ant,  the  monarchical  lite  of  bees, 
the  solitary  hnbil  of  other  tribes,  la  it  not.  at  least  in  part,  because  of 
earebml  iieculiantif^  that  one  kind  of  bird  is  |)otygamou8,  and  another 
observes  an  annual  or  per])otnal  monogamy;  that  the  buffalo  delights  in 
the  society  of  liis  kind,  but  the  lion  will  tolemtc  no  neighbor;  that  llie 
horse  runs  in  hcrdst  and  adopts  an  organized  Mystcm,  submitting  to  a  ca|>> 
tain  whose  mofions  he  follows?  We  can  not  suppose  that  these  habilo 
ate  the  sole  result  of  a  prci^ent  and  immediately  active  external  inflnence 
which  calls  tlicm  furlli ;  an  inlernal  influence  is  also  at  work,  a»  internal 
influence  dependent  on  organiKatton. 

A  discussion  of  the  problem  of  human  sociology  could,  therefore^  only 
be  completed  after  a  study  of  the  same  problem  in  the  entire  animal  se- 
ries-^a  ta«k  requiring  varied  and  profound  knowledge  of  natural  his- 
lorj'  and  comparative  anatomy.  Indeed,  the  prewnt  state  of  these  sci- 
ences does  not  enable  us  to  accomplish  it.  The  remarks  I  am  about  to 
make  arc.  therefore,  of  a  ver^'  imperfect  kind.  The  social  problems  prc- 
><cnted  to  us  by  animaLi  are  a  titling  introduetion  to  the  social  problems 
of  man. 

tor  the  clearer  understanding  of  what  follows,  it  may  Tji,ti„rti-_»^ 
therefore  be  observed  that  we  may  receive  the  term  instinct  iwwn  iiuiinrt 
asindtcatingafaculty  inca|»ablcofimprovenicnt,  and  jiosflCfis-  "     »"■»«"■ 


004 


OOUPARATIVH  SOdOLOOT. 


I'd  by  cacli  indiviilujil  pjchibiting  it  sfmntAncouflly,  witliont  capenenBg" 
or  imilation.  Tlic  siiggcHtlons  of  instinct  arc  ciiicii  iiistantBOoinis  ud 
nlways  unvarying;  those  of  reason  involve  deliberation,  and  into  than 
llie  elemcDt  of  lime  enters.  Tbey  aUo  involve  cnor.  ^iijitmiff  wlucli. 
I'or  a  tlioosand  yearsi  nay,  indeecl,  througli  all  time,  have  never  invcolcd. 
never  improved,  never  varied,  all  of  the  same  tund  being  equally  akiU- 
lul,  arc  to  be  considered  as  actuated  by  instinct,  not  by  reason.  Tboae 
uf  wliich  it  may  bo  said  tliat  they  pcrc«ive,  remember,  tliink,  compare, 
and  then  form  a  judgment,  are  to  be  considered  as  poaacsBiiig  iCABOn,  and 
thlii  the  more  oa  ibey  the  more  perfectly  accomplish  that  end.  In  this 
respect,  man  is  approached  by  tlic  quadninianA,  the  eleplmnt,  the  dog, 
but  the  immense  interval  wbirh  separates  him  from  them  is  at  once  iu- 
dtcatod  by  the  fact  tliat  they  appreciate  oidy  good  and  evil,  so  tar  as  iit- 
volvcd  in  pleasure  and  pain  ;  but  lie  contemplates  equally  the  good,  the 
beautiful,  iiiid  the  true. 

The  historian  may  pcrlmps  view  with  rrjtentment  an  attempt  on  the 
c«n»<tl6nof  P"*^  of  physiologists  to  accomplinh  the  annexation  ot'tlie  ter^ 
iijatorv  >nd  riiorv  in  which  he  lab<»^  With  difHculty  will  he  be  brought 
i*j™*'*>«j'.  (^  admit  the  dogiiifl  that  the  histoiy  of  meu  ntid  of  nations 
is  only  a  chapter  uf  phyt^iology.  He  doubtless  will  smile  at  tlie  absurd- 
ities of  a  doctrine  which  places  under  a  common  point  of  view  the  doings 
of  catorjiillars,  antA,  and  wa«)>6,  witli  the  high  resolves  of  senates  ud 
emperors — which  underiakes  lo  consider  how,  out  of  the  most  ohscmw, 
the  moat  august  may  proceed. 

But  it  is  none  the  less  true  that  tlierc  exists  a  comparative  sodology. 
as  well  as  a  coniparative  anatomy  and  a  comjMirativc  physiology.  Struc- 
ture, fuucttou,  and  career  are  all  inscpanibly  connected. 

When  we  were  considering,  in  a  former  chapter,  the  nervous  meciian- 
ism  of  insects,  we  eaw  bow  lliat,  from  the  pure^ly  antumaiic,  the  voliin- 
tarj'  is  gradually  produced  by  the  development  on  tlie  ventral  cord  of  an 
a])paratus  for  ilic  registry  of  impressions,  the  cephalic  ganglia.  These 
regisicrod  imjtrrasions  are  tltc  cause  of  the  most  surprising  payclncfU  rc- 
snlts. 

The  action  of  barbarian  communities  is  as  purely  automatic  m  the  ac- 
BuiMriiiiiiBnii  ^ion  of  an  insect,  whit-b  never  had.  or  from  which  there  have 
dvUhtatiott.  \Mxa  removed,  the  registering  gangUa.  Irritate  the  decap- 
itated wasp,  it  will  sling.  The  uninjured  wasp  has  n  choice  of  action : 
it  may  posubly  Hy  away.  The  action  of  civilized  conmmnitics  ia  of  a 
far  higher  kind :  they  are  guided  in  what  tbey  do  by  experience  In  the 
progress  of  civilization  there  luivc  arisen  the  means  of  [tcmiancnily  re- 
cording past  events,  .Such  records  influence  us  in  deciding  bow  wo  shall 
act.     They  constitute  knowledge. 

If  wo  may  compare  small  things  with  great,  is  tbere  not  on  analf^ 
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between  tbe  manner  !ii  which  the  registering  mechanism  of  amIokj-  )•- 
an  iriBCct  or  othor  animal  is  evolved,  and  the  nmniior  in  *""'*'  i'""'^- 
which  the  nieann  of  ppr)H;UiHliiignnd  dii?»ominating  n  knowl-  in.^niAuti»ocUl 
edge  of  oventB  have  iiriwju  in  human  society  ?  Th«  one,  it  is  «■"•'■ 
true,  Bppprtaina  to  individual  Hie ;  but  is  there  any  fiict  more  clearly 
m»do  manifest  hy  physiology  than  that  of  tho  parnHnlism  of  racr  life  and 
individual  life,  no  matter  how  lowly  that  individnal  life  may  be? 

An  insect  presents  ns  with  snrpming  action?,  >>ocausc  it  pOfise8se« 
within  itst'lf  th«  niwiiis  of  regislciiiig  (he  events  which  occur  in  its  liltlo 
circle.  Nations  act  wisely  and  well,  according  as  they  are  guided  "by 
ihfir  store  of  experience. 

If  our  pride  can  be  so  far  overcome  as  to  admit  that  in  the  hiHtory  of 
the  life,  even  of  an  inReet,  tho  pmgreBa  of  mankind  is  shadoweil  forth, 
thai  IB  to  any,  univeneU  hirttory  in  seen  in  a  microscopic  manner,  it  will 
not  be  too  much  to  hope  that  we  shall  then  entertain  physitml  or  mechan- 
ical ideas  of  the  social  career,  that  society  advances  in  a  definite  way,  has 
lis  laws  of  equilibrium  and  movement,  its  centre  of  intelligence,  its  centre; 
of  power,  in  short  its  statics  and  dynamics. 

Though  it  IB  only  one  out  of  many  instances  that  might  Iw  presented, 
let  us  briefly  conwider  social  life  in  the  inferior  tribe,  to  which  reference 
hail  been  made;  let  na  also  look  at  some  of  the  indiWdnal  pecuHaritirs 
of  insects.  Our  sentiments  of  exclasivcness  and  pride  may  be  corrected 
thereby. 

Insects  form  societies  for  nmltial  a^siidanee,  defense,  invasion,  emigra- 
tion, mere  plensore— societies  which  undoubtedly  anF^e  in 
the  oiqtericnoe  of  passions,  such  ns  love  and  fear.  (>i  these 
tlie  duration  is  variable ;  some  last  thnmgli  llio  larva  state  only,  nome  an^ 
oonfmed  to  ihe  imago,  some  are  maintained  through  life.  The  organtxa- 
lion  by  which  their  object  is  accomplished  is  various,  monarchical,  re- 
publican. The  caterpillars  of  the  proceasionary  moths  are  guided  in 
their  march  by  a  leader;  the  termites  obey  at  once  a  king  and  a  quren. 
Tho  lust  of  power  is  not  alone  felt  among  human  monareliB ;  tho  quoeit 
bee  never  resin  till  she  lirui  assa8siiiat<-d  her  rival.  .-Vll  insects  of  ihn. 
Bante  kind  are  not  Ijoni  equal,  nor  do  all  pursue  the  same  oecnpaiion ; 
aOBie  follow  a  life  of  leisure,  some  devote  themselves  to  the  profession  of 
arms,  some  are  laborers.  When  the  metropolis  of  the  termites  is  attack- 
ed, the  laborers,  as  non-combatants,  retire,  but  the  soldiers  come  out. 
Tho  ants,  with  which  we  are  more  familiar,  engage  in  military  and  fiUi- 
bufltering  expeditions :  tlw-y  make  reconnoissanccs,  set  sentinels,  inarch  in 
a  definite  onlcr,  the  van  alternately  foiling  to  the  mar;  their  lines  of  com- 
munication are  maintained,  and,  if  npcessary,  swift  couriers  arc  dispatch- 
ed for  re-enforcements.  If  successful,  they  not  only  carry  oft'  the  ene- 
mies' stores,  but  reduce  the  vanquislicd  to  actual  servitude,  compelling 
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ttiem  to  work  ae  slaves.  They  iiuvu  notiotu  of  property,  and*  thoi^i 
some  of  tbi-ti)  pnicli<s  cannilmlism,  thvy  will  annuo  themi^clvca  in  mat*- 
pteaaant  occupations,  tumbling  and  playing  togetliur  like  kittens  or  pop-j 
HaMuof  pics.  With  a  acntiment  of  atricl  justice,  the  wasp  who  luu  rt-l 
'■■■■'^  turned  from  a  successful  foray  dividos  hi^  booty  anumg  the 
ma]c9,  feniaJcis  and  llie  laborers  who  have  bceti  working  in  the  Tcsptjuy : 
nor  is  tlte  sentinel,  who  is  doing  duly  at  the  door,  for^ttea.  If,  tlirougli 
the  chances  of  war  or  by  accident,  any  unc  Iiait  sustained  a  grave  injury. 
in  some  tribes  tJio  most  devoted  symiiathy  is  shown  :  the  out  will  cany 
his  wounded  (licnd  out  of  the  hot  of  the  tight ;  in  other  tribes  a,  morel 
tlian  Ronmii  firmnctw  in  liisptayt-d  :  the  sulTcrer  is  put  out  of  |iain  by  his 
companion.  Kxpccting  an  attack,  some  insects  will  shut  their  doors  at 
niglit,  and  barricade  them  within,  or,  if  the  danger  is  continual,  will  butld  j 
masked  gateways  in  succession,  with  interior  walls  that  command  ihcra. 
They  are  no  conteniplible  engineers.  They  caii  construct  and  mutntBiu 
roads  of  great  length,  with  paths  brandling  from  tbcra,  which,  if  mcee- 
sary.  they  ke<!p  mown.  They  cross  atroams  by  iJirowing  tlicmsolves 
into  floating  bridge^  and  the  damage  done  to  tlicir  prcniittcji  by  an  in-j 
vader  they  show  the  most  singular  skill  and  olocri^  in  repairing.  How ' 
many  arc  the  contrivances  to  which  insects  resort  to  carry  oat  their  par- 
poses  :  The  caterpillar  uf  the  cabbage  butturtly  makes  a  ladder  and  goes 
up  it ;  the  geometrical  caterpillar  lets  down  a  rope,  and,  for  fear  of  hurt- 
ing himself,  drops  a  foot  at  a  time.  The  gossamer  spider  scndtn  forth  n 
tliread  fine  enough  to  act  like  a  balloon,  and,  tloathig  iu  the  air.  he  de- 
scends or  rises  by  winding  it  up  or  letting  it  ouL  There  are  other  in- 
sects which  maka  diving-bells,  ami  go  under  the  water.  No  bird  makis 
a  net,  no  beast  a  pitfall :  men  and  insects  do  both.  A  gang  of  sulon 
will  carry  a  simr  by  supjtorting  it  on  altt^iatc  sides  on  their  shotdders; 
a  gsng  of  ants  n-ill,  in  like  manner,  carry  a  straw  or  a  long  worm.  Then* 
are  spiders  which  show  aa  mach  dexterity  as  an  Indian  in  sneaking  for- 
ward  to  get  in  n;ach  of  their  prey. 

In  tlieir  domestic  economy,  how  wonderful '.  Some  build  their  hooses 
of  artificial  stone,  some  of  jMSteboord  which  they  make.  Some  covci 
their  rooms  witli  lapestrt',  some  lay  cnrpets  uf  silk  on  tho  lloor,  some 
hang  their  doors  on  silk  hinges,  so  that  they  shut  by  their  own  wcighL 
TTiey  make  arclica,  domes,  colonnades,  stair-cases.  They  practice  con- 
cealment of  food.  Tlay,  an  accurate  observer  and  a  vorj*  pious  man,  says 
of  a  sand-wasp  tliat  it  carried  a  caterpilLir  fifteen  foct.  removed  &  pellet 
that  closed  the  mouth  of  a  liole,  depositeil  its  booty  therein,  came  oul. 
and  rolled  the  pellet  bock  on  the  hole,  scratched  dust  therson  like  a  dog. 
went  for  rosin  to  agglutinate  it,  leveled  the  ground,  and  put  two  ptaej 
leaves  to  mark  the  place.  However  much  we  may  smile  at  this  nzteo- 
dole,  it  may  satisfy  us  of  the  high  opinion  entertained  of  the  aootan- , 
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plishments  of  insects  hy  those  who  Itavc  been  clone  observerfl  of  tlu-ir 
liabitA. 

Dir.  Laycock  rtiinark»,  -n-lien  speaking  of  the  cephalic  ganglia  of  Injects 
{Med.  Chir.  Rev.,  July,  IHoU):  "On  what  structiircs  de-  iniiltKUofis- 
pcnd,  if  not  on  these  ceplinlie  ganglia,  all  those  wonderful  [h'i^t^.hlfe 
iiiiitijicts  which  miniie  in  ihcir  o|(c:rHtioii  the  art^  of  nian?  K<int>'i>>- 
There  i»  hardly  a  mechanical  {>urKuil  in  wliicli  injects  do  not  excel.  They 
are  excellent  weavere,  housc'-bnilders,  architi-cts.  Thoy  make  diring- 
bdls,  bore  gntleries,  raise  vaults,  construct  bridgna.  They  line  their 
hottses  with  tujKHtiy*,  clean  them,  ventilate  them,  and  close  them  with 
admirably-fitted  swing-doors.  They  build  and  store  warchoiiseji,  con- 
struct lnij)8  in  the  greatest  viiriety,  hunt  nkilll'ully,  rob,  and  |dunder. 
They  poison,  sabre,  utkd  slab  their  enemies.  Tiiey  have  itociul  laws,  a 
t«inmon  language,  divisiouK  of  lulior,  and  gradations  of  rank.  They 
luuntnin  anniea,  go  to  war,  send  out  scouts,  appoint  sentinels,  carry  off 
{msoners,  kocp  slaves,  and  tend  domestic  aninmla.  In  short,  they,  arr 
mentally  a  miniature  copy  of  man.'* 

The  surprising  character  of  sonie  of  these  facts  might  disappear  were 
w«  acquainted  with  what  may  be  termed  the  spring  of  the  action.  It 
has  been  Kuid  by  Dr.  Whalcley  that  the  building  of  a  comb  ia  like  the 
{provisioning  of  a  city,  in  wtiich,  through  the  desire  of  the  dealers  lo  get 
wcaltli,  is  solved  wliat  is  probably  the  mo^t  intricate  of  social  problems. 
It  ia  done  by  no  design  of  theirs,  and  yet  th^y  advance  to  il  ast  if  im- 
pelled by  gravitation  of  some  other  insupcmble  force.  A  printer  may 
I«it  types  together  to  get  money  without  ever  troubling  himself  aboat 
the  dttTusion  of  knowledge.  A  bee  may  find  gratification  in  wliat  Ite  is 
doing  without  any  concern  about  the  6nal  use  of  the  comb. 
Of  the  ccplialic  ganglia  spoken  of  in  the  preceding  |)aragrapha,  J^ff. 
j\.nii.  2i>5  is  an  illnetralion  from  Mr.  Newport,  in  tho  case  of 

the  imago  of  the  >Sphinx  ligustn:  u,  cephalic  ganglia ;  ft, 
6t  eyes ;  f\  anterior  median  ganglia ;  f/,  d-,  posterior  lat- 
eral ganglui  of  the  stomato-gastric  system;  yetrwutyttan 
^tji  largo  ganglionic  masses  in  the  thorax,  oriaBsctt. 
giving  ncnes  to  the  U^  and  wings.      It  is        PTp.  tM 
to  be  under!«tood  that  upon  these  ganglia 
the  voluntary  action   of  insects   depends. 
Tliey  arc  the  places  of  receiition  of  the  im- 
pressions on  the  organs  of  sjwcia]  sense  and 
the  seat  of  memory.     The  automatic  or  in- 
voluntary ap|>aratus  is  in  part  seen  at  Jutj.  29(>,  which  is  the 
thoFBcic  portion  of  the  Der\'ous  system  of  the  pupa  of  the  same 
insect :  a,  b,  r,  three  ganglia  of  tlie  ventral  cord ;  d-,  d^  iJieir 
connecting  trunks;  «,  ct,  respiratory  ganglia.      The  entire  "^^'^ 
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npn'ous  mcclinnUm  for  i)ie  larva  state  has  been  shou'n  in  Fi^.  136; 
the  imjia,  1:^7;  tor  tlic  imago,  128;  from  which  it  will  bo 
tltat  the  nervons  Bystujn  of  iiiaectai  as  tbey  pa^s  thruugli  tlieir  met 
ChMCH  III  ibp  Jihosea,  undergoes  change.  In  tlie  Inrvn  stale,  the  nerve*,  u 
MrniwKvMmi  thny  branch  fonh  from  the  ventral  cord,  ludicate  by  tJielr  nhi- 
■M)uiMi»riiti»-  fonnity  the  cqnalJty  of  the  segments  of  the  hoAy.  In  manj 
•^  cai»oj  the  cord  is  scpiaratod  throtigliout  its  whole  length  int 

its  two  constituent  strands,  and  the  cephalic  ganglia  are  nitnutc  txcat 
of  the  imfferfect  condition  of  the  oi^ans  of  sense.  In  the  piijNi  state.] 
there  is  a  general  approach  of  the  ventral  ganglia,  an  incroftse  of 
cephalic,  and  a  thickening  of  the  strands  which  connect  that  organ  witli* 
the  sulxrsophagi^il.  In  the  imago  state  the  cephalic  ganglia  have  still 
ferther  increased  to  a  size  which  corresponds  to  the  great  derelopmeni 
of  the  orgnns  of  sense  ;  the  ventral  ganglia  appear  to  haTe  coa!> 
the  thorax-  The  general  result  of  these  changes  during  naetam 
is  therefore  to  effect  a  concentration  of  the  nervous  centres  in  the  beatl 
and  in  llie  iliorax,  the  ganglia  of  s|ieciKl  sensation  roaleseing  in  the  for- 
mer, and  those  of  motion  iti  the  latter  region.  We  may  remark  that 
tliesc  niodiHcntiona  strikingly  illustrate  the  obscfiaiion  that  change  in 
habit!!  of  lift'  is  always  preceded  by  change  of  the  nen-nn«  system. 

Besides  Itcing  the  repowion*  of  the  impropsions  of  the  special  senaea- 
Seat  of  mem-    ^''^^  cephalic  ganglia  dieehaTgo  a  function  of  a  Tnoro  geccnl 
OTT  in  immtti.  g^d  most  important  kind,  since  doubtless  they  are  the  seat  of- 
mcmory.     Thai  insects  of  the  more  elevated  tiiid  liave  the  power 
recollrction  there  can  not  be  any  doubt.     If  there  were  no  other  iaet, 
their  recognition  of  their  homos  would  hn  siiflicieiit  to  calnblinh  this, 
thousand  trivial  incidents  offer  indirect,  but  instraetive  and  intei^sltnji 
proofs  of  the  same  thing.     When  a  Hpider  who  has  been  disturbed  feign 
death  in  order  to  avoid  the  cautie  of  hi."  alarm,  he  proves  his  capacity  ofl 
recollection,  as  also  when  be  has  been  brought  oat  from  fats  coneralment' 
by  touching  his  web,  and,  discovering  tlie  nature  of  the  imposition  that 
baa  been  practiced  upon  him,  rcfutu^s  to  come  forth  upon  a  repetition  of 
the  triaL     The  quality  which  the  cephalic  ganglia  thus  {rassess  of  bear- 
ing upon  themselves  the  enduring  traces  of  impressions  received  Ihroogh 
the  sensory  organs  scarcely  requires  here  to  be  more  particularly  exam* 
ined.     Tn  tlie  preceding  book,  in  (he  chapter  on  inverse  vision,  variousi 
tacts  have  been  meulioued  which  illustrate  the  faculty  possessed  by  tlic^ 
optic  centres  in  man  of  retaining  visual  impressions  for  a  coDsiderahle 
period  of  time :  n^  for  int^tancc,  if,  when  we  iiwnke  in  tho  mornings  our 
eyes  arc  dire<:^(ed  to  tho  lirighi.  window  mid  flien  closed,  a  representalioii 
thereof  will  still  continue  to  be  seen  in  its  natural  colors  and  r«latioiu,  a 
rcpresoiitatton  which  gradually  fades  away ;  and,  in  like    manner,  lie 
cephalic  ganglia  register  the  iropressions  they  leceire  &om  the  optic, 
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Imiaiiililory,  olfactivc,  and  other  nerves  tliac  pass  lo  them,  -_    ^.i^jp 
and  presorvc  the  vestiges  thereof;  for,  if  this  be  not  the  aiac,  jprngiis  *n 
il  is  wholly  impossible  to  explniii  how  insects  shoald  have  the  '***""'•■ 
power  of  remenilxmng,  oven  though  it  be  uidistinclly  or  imjwrfectly. 
thing»  that  aru  past :  thoso  things  or  etfects  must  have  Icfl  upon  tLem 
lui  enduring  miirk. 

The  ganglia  of  the  ventral  corJ»  ivith  their  related  nerve  trunks,  con- 
stitute a  series  of  automatic  nerve  arcs,  their  immediate  ol>-  xciiwiofiie 
ject  being  locomotion.  As  haa  been  said,  the  iniprcAflion  of  vcDumicord 
the  surface  upon  which  tlie  insect  rcMla  gives  riw',  under  or-  '"■ 
dinarv'  circunistflncesr  to  muscular  contraction,  and  thereby  motion,  and 
the  same  thing  occurs  under  circumstances  of  unosnal  experimental  dis- 
turbance, as  when  irritation  of  nny  kind — for  instance,  tlic  pungent  va- 
por of  animouia — is  apjdicd  to  one  side  of  a  centipede,  lite  body  is  tlex- 
i-d  in  such  a  way  as  to  gel  rid,  aa  far  as  possible,  of  tlie  noxious  fume. 
Tlicsf!  mmeiin'iitfl  arc  purely  reflex,  and  in  their  production  the  cephalic 
ganglia  are  in  no  manner  coucerncil. 

(luiding  and  controlling  these  purely  redex  operations,  the  cephalic 
ganglia,  by  means  of  the  Hhrcs  which  they  send  in  company  ConinDhifr 
with  the  trunks  of  thr  vrnlral  cord,  can  exert  their  influence  "<"'*'■*"** 
in  the  remotest  part  of  the  body.     That  influence  we  distin-  giu. 
guish  aa  Loiiig  of  a  twofold  nature:  in  part  it  is  due  to  impressions 
vrhicli  are  being  at  that  moment  received  tlirough  the  various  organs  of 
^nse — the  eye,  the  ear,  or  whatever  other  such  organ  the  insect  under 
consideration  may  jiosseas,  and  in  part  arising  from  llie  re^ducs  of  old 
impressions  which   the  ganglion  has   foniierly  rccci*'ed.     It  does  not 
therefore  seem  possible,  at  least  as  regartla  the  more  |)crfect  of  tlicso 
tribes,  to  accept  the  views  of  Descartes,  who  regarded  all  insects  a»  mere 
automata.     They  arc  automata  only  so  far  as  the  action  of  Demmtm't 
their  ventral  cord  and  that  portion  of  their  cephalic  panjrlia  ^"^^^  '■'•' 
which  deals  with  contcmjKiraneouR  impressions  is  concerned,  tcmau. 
but  they  are  not  automata,  siniv  they  are  under  the  influence  of  those 
ganglia  as  tiic  registers  of  past  impressions. 

What  ha»  been  said  resjtecting  ijisccta  applies  to  all  higher  tribes  of 
life.  Jfan  himself  is  no  exception.  In  the  preceding  book  we  have  shown 
that,  80  far  as  his  spinal  nervous  system  is  concerned,  he  is  simply  an 
aotomaton,  and  that  it  is  the  derclopment  of  a  brain  thereupon  which 
makes  him  capable  of  voluntary  action.  AVc  have  seen  thai  in  his  indi- 
vidual progress  part  is  evolved  from  part,  an  ever-increasing  complexity 

and  an  ever -continuing  improvement.  „     .    , 

t'l  I'll  i-it  >  Cerebcw  mmi- 

It  ts  the  same,  also,  with  the  gronp  to  which  he  belongs —  uum  iu  ud- 
Ihc  vertebrates.     Just  in  projwrtion  to  the  advance  of  their  {^thJ^^wSl 
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oxiifl,  wliicli  has  no  rerchrftl  bemiaplieres,  represent*  the  conditirm  of  l 
wlii-n  tlic  action  nf  liis  lirain  la  su.-ip-iulod  in  sleqi  j  th(*  Itsli,  thf 
tfao  titrd,  follow  in  an  ascending  order — an  order  which  man  himadf  pM«e> 
UirouiHt  ill  hi<(  individual  progress  of  development. 

And  man  in  the  aggrcgnle — in  eoriety — in  the  nice — does  the  samel 
historical  career  being  a  transcript  of  his  individual  career.     G«nenitiot 
after  generation  leads  a  purely  nutomatic  life,  the  life  of  ImrbartAm;  bat 
by  degreest  there  ih  evolved  iti  hiicK  conditions  tlm  moans  of  rcgistrr 
Wifctw  u  tiia    '^'^o'^    The  acts  and  thoughts  of  one  age  can  then  bo  trani- ' 
meaiMofrMoni  mitted  to  another,  and  oin  inflacnce  its  acts  and  thoagliU. 

•WW  y.  Civilization  can  not  exist  without  writing,  or  the  nieans  of 
record  in  some;  nhape. 

Writing  once  invented,  the  advance  in  society  is  again  preciaely  aa  it 
is  in  tlic  individuaL     In  part  il  is  regulated  by  the  physical  cirrom-J 
stances  around,  in  port  by  the  interior — the  acquitted  principlu. 

In  tho  superficial  sketch  which  I  intend  now  to  give  of  tlic  progretu 
of  European  civilization,  there  ore  certain  facts  irhirh,  from  their  promi- 
nence, can  not  fail  to  arrest  our  attention.     They  are, 

t,  Europe  remained  in  the  barbarous  state  until  it  obtained  the  meana 
6n*nd  facta  ^^  perpetuating  ideas*  that  is  to  say,  until  it  learned  the  art  nf  j 

rf  EnrofHtu      vrituig. 

^**"''"  2.  The  progress  of  civilization  in  Kurope  was  attended  hf\ 

an  absolute  phvsiologicnl  change  in  it;^  inhabitants.    They  were  brouj^' 
nearer  to  the  condition  of  the  inhabitants  of  a  more  temperate  dimalft. 
On  tliifl  point,  however,  wc  have  dwelt  to  a  sufficient  c:xtcnt  in  the  pre- 
ceding chapter. 

3.  The  European  mind  is  atnlytic,  that  of  Asia  is  synlbetic.     lo  En-' 
ro|)C  the  action  in  philosophy,  in  religion,  in  |>oUtio8,  l<uids  to  the  inces- 
sant deconijiosition  of  a  thing  into  its  parl^  and  their  sp|Hirate  diAcns- 
aion.   The  results  of  this  tendency  are  seen  in  many  of  the  pmctical  social 
difficnittej  of  modem  times. 

IVfore  entering  on  this,  the  conclusion  of  his  work,  the  author  msyj 
recall  by  a  few  passing  remarks  the  general  ■views  which  have  Iteen  it 
cidentally  scattered  through  preceding  |Miges  respecting  the  nature  of] 
man,  the  influence  of  surrounding  circumstances  over  him,  his  social  posi-j 
tion,  the  dcflniteness  of  his  career,  a  delintteness  which  authorizes  us  tal 
treat  his  liistory,  not  aa  though  it  were  composed  of  chance  c^'ents,  but) 
as  n  fitting  subject  for  the  contemplation  of  pliysiology. 

Man  ia  every  where  constructeil  upon  the  same  essential  type,  and^ 
hence,  in  one  sense,  he  act'«  in  an  invariable  manner,  but  rhut  type  pa&ses 
forward  in  development  to  many  different  aspects,  and  hence,  in  another 
sense,  he  exhibits  dificrencL-s  in  his  determinations  and  movements. 

With  itie  tumi  and  size  of  the  brain,  the  intellectual  capacity  of  man 
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varies.  In  a  stntc  of  nature,  his  mental  powers  arc  in  close  relation  witli 
the  cKmnte  in  whieh  he  lives,  attaining  their  greatest  perfi-ction  in  the 
warmer  portion  of  the  temperate  zone ;  hot  under  tiic  artificial  condition 
of  civilization,  in  which  the  vidssituded  of  the  seasons  are  compensated 
for  bv  food,  Hrc  xhclter,  and  ckthitig,  properly  adjusted,  he  gains  his 
m&ximuni  development  in  a  somewhat  tiigher  laltludc. 

After  what  has  been  said  in  the  laat  cliapter  respecting  the  inBucnce 
of  physiral  circimislanoes  on  the  structure  of  man,  producing  mo<lified- 
development  in  our  tj-pical  form,  and  tlicreby  giving  rise  to  many  dis- 
tinct families,  it  will  l>e  anticipated  tliat  those  circumstances  must  cod- 
sequently  modify  our  mentid  operations,  our  manner  of  thinking  and  act- 
ing, tliat  is  to  say,  must  leave  their  murks  on  our  history  as  nutious. 
For  a  long  time  this  has  b(»m  rccc^izcd  in  a  general  manner:  the  mount- 
aiueer  thinks  ditTerently  and  acta  difTerently  to  the  native  of  the  low- 
lands ;  he  whose  life  ia'spcnt  on  the  l>ordcn  of  the  sea  to  him  who  lives 
in  the  great  plains  in  the  interior  of  continents.  But  it  is  not  to  these 
inflnonces  ns  operating  by  association  on  the  individual  that  I  now  refer ; 
it  is  rather  to  tlie  profound  effect  tliey  Iiave  had  in  producing  a  special 
cerebral,  and,  therefore,  mental  organisation  in  the  coarse  of  many  gen- 
erations on  races  and  nations. 

Let  UB  always  remember  that  there  is  a  common  principle  which  un- 
derlien  the  varied  movements  and  determinolions  of  men  every  where — « 
principle  from  which  no  one  can  disentangle  himself.  At  the  bottom  of 
even  the  most  diverse  actions  it  may  be  discerned,  just  as  we  can  detect 
tlie  fundamental  type  of  our  organization  tmdcr  the  most  varied  forms. 

As  from  tlic  physical  |>oint  of  view  there  is  a  standard  man  who,  in 
weight,  height,  strength,  ami  other  such  like  particnUrs,  rep- 
reMQts  the  entire  human  family,  so.  in  an  intellectual  point 
of  view,  there  is  a  standard  man  who,  in  mental  progre.'^s,  manner  of 
thinking  and  of  acting,  represents  the  whole  race.  Thcn^  an;  aljio  siib- 
ordiiiate  standards,  the  represcntati^TS  of  particular  groups  or  nationa. 
It  is  to  these  standards  that  we  arc  continually  appealing  in  arriving  at 
a  judgment  of  tlm-  ants  of  individuals.  The  special  hislory  of  these 
phases  constitutes,  in  a  philosophical  sense,  national  history.  The  roc- 
ord  of  tlie  development  of  the  fundamental  tj'pe  constitutes  universal 
liistor)'. 

1  have  already  remarked  that  universal  history  is  only  a  cliapter  in 
physiology.  Hince,  liy  reason  of  the  similarity  of  construction  of  the 
cerebral  apparatus,  the  actions  of  men  will  present  a  uniformity  when 
nmlcr  the  intlucnco  of  simitar  mntivcit  or  imjnilKcs,  then)  is  not  only  a 
resemblance  Iwtween  such  actions  among  dtflcrent  persons,  inflBBBcoor 
but  also  it  may  be  discerned  when  nation  is  compared  with  ^J^l,',"'^^ 
nation,  and  race  with  race;  for  the  movements  of  comnmni-  o«i  bin. 
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lies  depend  on  tlie  Hiiiie  motives  as  the  movemonts  of  individuals,  boug 
indeed  the  sum  of  individual  deienninations.  But  when  lualtitudee  snd 
muses  are  thus  brouglit  under  our  considoratiotK  the  element  of  free-will 
seems  for  the  most  part  to  disappear,  and  events  asinumo  an  air  ufpns 
destination.  To  this  principle  it  is  that  histor}-  owes  ita  chief  valnc,  and 
truly  becomes,  as  U  often  said,  philosophy  teacliing  by  example.  The 
intelligent  man  who  H\-cd  twenty  centuries  ago  would  doabtlc«s  haw 
come  10  the  same  decision  which  is  reached  by  the  intelligent  man  of  our 
tiroes ;  the  saute  pro^jo^iiions  being  submitted  lo  both,  both  gutdii^ 
tbenuelves  by  similar  priuciplcs  to  a  like  resulL  The  logic  of  truth  is 
eternal,  for  it  is  the  cxpn^iiiou  of  the  manner  of  action  of  our  cerebral  *[>■ 
imrntus,  the  t^'^ic  of  which  never  changes;  and  since  there  is  tlius  no 
essential  change  in  the  typical  construction  of  man,  and  tbcrcforc  none 
in  the  maimer  of  ojicrntion  of  liin  mental  processes,  since  phypical  nature 
IMiiiitonoMaf  '^  tmvarying,  and  the  events  of  life  i()iring  one  out  of  another 
ku«wMr.  in  n  n^lar  order  or  sequence,  there  must  arise  tboee  same 
analogies  in  the  history'  of  race  compared  with  race,  and  nation  compared 
with  Dution,  that  are  so  obvious  when  indiWdual  is  compared  with  iudi* 
vidual.  Of  every  great  future  event  there  is  therefore  a  past  history,  tior 
every  much  event  has  had  its  {mxedeiil  in  other  histories,  and  therefore 
its  prognostic.  Things  will  follow  in  a  delinite  order  so  long  as  the  in- 
duenccs  of  external  nature  arc  the  same,  and  so  long  as  the  consiraction 
of  the  human  brain  i-s  the  same. 

The  political  forcisight  of  the  nioet  eminent  statesmen  dcpcnda  on  a 
giil  of  appn-cialing  national  mental  types,  like  that  possessed  by  great 
sculptors  or  {Kiintcrs  of  appreciating  a  standard  of  lieanty.  It  is  this 
which  enables  them  to  forcsoe  the  prol>able  consequences  of  crenls,  and 
to  realize  the  exjwctcd  action  of  individuals,  and  e\Tn  of  masses  of 
men.  In  sneh  actions  there  is  far  more  uniformity  tlian  it  commonly 
supposed.  Tlie  same  general  conditions  which  yield  to  the  post-office 
a  definite  |)ercentage  of  misdirected  Icttcra  every  year — which,  with  mar- 
velous fidelity,  give  to  the  hospitals,  the  jails,  the  bills  of  mortality,  their 
ex|>octed  numbers,  operate  from  age  to  age,  and  in  one  nation  as  in  an- 
other, anrl  hence  arises  that  appearance  of  fate  in  the  action  of  masses 
to  which  we  have  alluded ;  hence  also  it  is  that  the  same  cycle  of 
events  re-occurs  again  and  again,  diversified,  iHThajw,  lint  never  cseon- 
lially  changed  by  iho  influenre  of  individual  free-will.  As  the  compor-  ^ 
ative  anatomist  exhibits,  in  the  different  members  of  the  living  faeriu,  ^| 
their  common  points  of  resemHance — that  this  organ  in  one  animal  is  ^^ 
the  homologuc  of  that  in  another,  and  tin's  function  the  analogue  of  that, 
so  the  philosophical  statesman,  acknowledging  the  essential  principle  of 
compamlive  history,  reasons  from  nation  to  nation  and  from  age  to  age. 
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rmw  BTkxu  a  tmi:  civilizatio-*  or  KrKOi-c. 

The  Odyssey  prescutB  us  a  vivid  picture  of  the  atate  of  EoTOpe  a 
thouaand  years  before  the  birth  of  Christ.  A  twilight  was  p„,,^,^  rmt-n- 
breaking  on  the  most  eastern  voige  iti  the  countries  ailjoiii-  inir  fnmt  tun- 
ing the  HcUuspont,  but  the  Weal  and  the  North  were  iin-  **"■"■ 
mersed  in  a  night  of  barbarism.  The  unfolding  mind  is  ever  prone  to 
fill  darknesji  wttli  imaginary  creations,  and  it  waa  u-ith  the  white  race  at 
that  period  a»  it  m  with  a  cliild.  Kvciy  shore  of  the  Mediterranean 
and  Black  Seas  was  full  of  prodigies.  To  the  Greek  no  fiction  wai  (oo 
marvelous  fur  belief  if  il  was  separated  from  liis  view  by  a  hundred 
years  or  a  hundred  miles,  tbu  ercaggeratiou  of  tradition  contirming  it  in 
the  one  ease-,  and  the  diiScnliies  of  travel  in  the  other.  His  horizon  was 
crowded  with  enchantresses  like  Circe,  sorcerers  like  Tircsias,  monsters 
like  the  Cyclops.  GikIs  and  goddesses  wi'je  iirrpetually  flying  through 
the  air ;  every  hill  had  its  supcniatumi  legend,  every  forest  ita  pluntom. 
Even  the  mouth  of  hell  was  on  the  farther  side  of  the  Kuxioe. 

A  religion  of  suiierstition  is  very  liable  to  bo  connected  with  a  life 
of  enl  works.  The  maritime  entcrjirisc  of  thotie  days  seems  to  Iiave  re- 
ceived no  little  ineitenicut  from  the  temptations  of  piracy  —  a  profession 
to  which,  (>vcn  at  a  later  |>criod,  the  Greek  upfHrnrs  instinctively  to  turn ; 
nor  wore  these  fcltiniousoxpeditionsrostrieted  Uiliie  taking  of  goodn  ;  they 
drew  an  additional  profit  from  the  stealing  of  tn^n.  The  evidences  at 
even  a  still  darker  crime  may  also  be  diacemtd,  since  there  were  pcoph 
accused  by  common  fame  of  eating  the  oaptivc«i  who  frll  into  their  handi^. 
The  wliite  man,  therefore,  emerges  from  his  state  of  barbarism  a  pirate, 
a  slaver,  a  cannibal,  cruel  in  his  moment  of  power,  aud  debased  by  an 
incredible  su|fer8titioii  in  his  moment  of  fear. 

Unable  to  originate  his  civilization  for  himself^  he  drew  the  elements 
of  it  from  another  country.     By  the  concurring  testimony  of  ,.,^^,^^ 
all  authorii,  as  well  as  the  internal  e\'idcncea  of  ancient  bi^ttor}*,  DriKtiuiMi 
that  great  blessing  is  the  gifV  of  Kgypt     For  thirty-four  ccn-  '"  ^•^*' 
luries  before  our  era  that  eounlrj'  Avaa  governed  by  dylteslics  of  kings, 
sacceeding  each  otlier  without  interruption.     Its  soil,  proverbially  fer- 
tile, sustained  a  population,  estimated,  in  the  most  prosperous  times,  al 
about  seven  millions;  and  repeated  military  expeditions  into  Asia  and 
Ethiopia  liad,  in  the  conrsc  of  ages,  conccntrale^l  in  it  immcniu'  wtallh, 
the  spoils  of  cou<|ucred  nations,  and  crowded  with  captives  and  sUvea 
tlie  Valley  of  tlie  Nile. 

For  this  long  continuance  of  the  Egyptian  polity  aatiefactory  kasou 
may  be  aasigned.  In  early  agex,  when  maritime  expeditions  ADckitcoodi. 
were  neceuarily  feeble,  the  country  was  open  to  invasion  '*""  ^  ^*yi^- 
only  across  a  narrow  neck  of  land  on  the  ejtst.  and  wa»  protected  from 
any  attack  on  the  west  by  impassable  and  inienuinable  deserts.     Under 
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the  roililary  system  of  remote  antirjuitr  Kgypt  WM  almoi^t  inacccjjeit 
but  tUrough  the  cUangcs  uf  later  tiineis  and  ever  since  naval  cxpeditiouc 
h&ve  been  carried  to  any  extent,  her  ix>siiion  bos  been  that  of  exinsne 
vreaknesa.  The  iinifnnn  exiJcripiK*  of  iwentv  five  ci'iitimea,  from  ihi* 
Persian  wars  to  those  of  tlic  French  Kcvohition,  hjw  shott-n  that  iJie  (."O*- 
session  of  the  mouths  of  the  rirer  U  eijuivalent  to  the  conqneet  of  the 
country. 

la  the  secartty  of  this  inacocssible  retreat,  and  under  political  institn- 
tkms  of  a  lavorable  chameter,  the  civilization  which  was  to  be  confertod 
on  the  white  man  originated.  For  a  sucoeasioo  of  coniuries,  industrial 
art,  and  its  parent,  natural  knowledge,  appear  to  have  undergone  a  steady 
development ;  perhaps,  as  in  other  countries  at  a  later  Umc,  advancing  in 
the  more  prosperous  political  seasons,  and  becoming  stationary-  in  Uie 
decay  of  the  empire.  The  statements  funiislted  to  us  by  Orrt-k  nutbots 
are  of  very  little  value,  for  aa  long  a  pcxiod  of  time  tulervened  lietwwn 
the  6r6t  Egyptian  kings  ami  them  an  fmin  them  until  now.  It  istalher 
from  the  munuments  of  the  Egyptians  tliat  we  luost  judge.  Kach  yua 
since  tiieir  country  has  been  open  to  investigation,  and  their  hierogiypttic 
system  understood,  the  impressions  wc  have  reccn'cd  of  their  intellectual 
advancement  have  been  more  nnd  more  favorable.  The  vocal  statue  o( 
Memnon  at  Thebes,  it  is  said,  emitted  a  musical  sound  when  louclicil  by 
llie  rays  of  the  sun.  In  lite  light  of  modem  criticism,  every  obelisk  and 
monument  in  tho»c  desolated  palnoes  ia  finding  a  voice. 

The  public  works  attest  to  this  day  the  greatness  and  pcnnancnce  of 
HaaB«t»aftfa«  the  Egyptian  monarchy,  and  the  [>cculianl)OB  of  the  Kgrp* 
EgrpiUni.  (jau  mind.  Kroni  the  stiitues  and  ruins  of  tlte  temples  of 
the  tJrccks  wc  sec  wiuit  a  vivid  jterccption  that  people  had  of  the  beauti- 
ful. The  staraes,  and  tombs,  and  temples  of  the  Kgyptians  olfcr  a  adik- 
ing  Loutnist;  the  useful  every  where  predominates.  The  vases  of  the  one 
were  adorned  with  emblematical  and  graceful  forms:  the  tombs  of  the  oth- 
er were  co^'cred  with  sculptuivs  and  paintings,  commemorating  the  ordi- 
nai^*  pursuit^)  oMil'e,  and  various  processes  in  the  artfi  and  wunufactnrea. 

These  sculptures  and  paintings  show  to  what  an  extent  tlie  physical 
irciences  and  arts  depending  on  tliem  had  been  cultivated.  Tliey  set  bt- 
fore  us  the  domestic  life  rmd  daily  business  and  tradca  of  the  people: 
cooker)',  confectionery,  glass-blowing,  weaving,  pottery-making,  mono- 
factorc  of  cotton,  painting  on  wood  and  stone,  staining  of  glass,  and  a 
hundred  other  occupations.  Atnung  the  pictured  representations,  a  cbein- 
iijt  eecs  with  pleasure  tho  apparatus  of  his  art,  siphons,  bellowa,  blow- 
pipes, etc 

Shut  up  by  its  pohtieal  sytttcm  from  the  Mediternincan  nations  in  the 
same  manner  tliat  the  Chinese  and  Japanese  empires  have  been  in  later 
times  from  other  states,  l^gy{>t  was  to  the  Greek  n  land  of  mystery  and 
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niiinTis.  The  exaggerated  legends  wliicli  lud  been  Imtught  from  it  at 
distant  intervals  by  tbos«  who  iuid  escaped  by  utealtU,  or  in  troubluua 
times  tud,  like  Cccrops  and  Danaos,  led  forth  colonics  of  eniignuits,  lost 
none  of  tlicir  wondere  in  tlic  Imditions  of  Buccciwivo  gcnaralioiiH,  but 
were  rather  veritiud  by  the  roving  pirates  n'hu  bad  seen  the  pyramids, 
obcliiik^  and  spliinses,  atid  the  p'cal  temples  on  the  banks  of  tlto  Nile. 

The  6r3t  step  in  civilization  tit  the  invention  of  <u>niu  systcju  of  p«]V 
mancnt  rccor<l — some  method  of  writing.  Without  this,  it  |„„(^t,«ja» 
may  be  truly  said  that  law  can  not  exitit.  Law  can  not  main-  urwriiiii^  tmm 
tain  itself  in  tlie  uncertainties  of  tradition — law,  without  ^•^'"' 
which  we  can  not  conceive  of  society.  The  legendary  history*  of  Europe 
is  doubtless  correct  in  referring  to  some  of  these  Kgv'ptiiiii  fugitives  or 
emigrants  the  contemporaneous  introduction  of  writing,  and  a  system  of 
juriBprudence.  Kven  if  the  former  was  derived  from  Plurnicia,  accord- 
ing to  the  story  of  C-idmua,  the  IMia-nicians  had  originally  borrowc<l  it 
from  Eg}'pt.  It  is  an  interesting  illustration  of  tltc  tendency  of  the  Eu- 
rapean  mind  to  analysis,  that  of  the  foniis  of  writing  known  in  those 
times,  tliu  ideogrnphic  or  picture-writing,  the  syllubic  or  tlie  represenla^ 
tion  of  syllable  sounds  by  signs,  and  the  alpliabetic,  llie  latter  alone 
maintained  itn  foothold  in  Europe.  Tins  form,  as  described  at|iagc  35G, 
eSBenltally  consists  in  dcconipo^g  articulate  expressions  into  tlieJr  con- 
stituent vowel  and  consonant  sounds,  and  assigning  for  eacli  of  thotw 
soondit  a  loiter. 

About  seven  hundred  years  before  Christ,  events  took  place  wliicli  led 
to  the  extension  of  Egyptian  civUiaiation  to  Euroi»e.  Tlic  an-  iB,ro,)„r,joB 
cient  power  of  the  kings  had  declined,  througli  disputes  and  of  i«.vpi>»ii 
compromises  occurring  between  them  and  the  priesthood.  Be- 
tween the  priests  and  the  military  casic  there  was  an  open  quarrcliroany 
of  the  former  iiaving  Ix-cn  deprived  of  their  lands.  Thcw  rivalric-B  broke 
out  in  revolts  and  insurrections,  and  for  two  years  the  country  was  in  a 
stale  of  anarchy,  from  which  a  partial  rcepite  was  obtained  by  an  entire 
change  in  its  institutions.  Twelve  of  tbe  most  inBuential  pei5uns  divided 
it  among  them,  each  having  a  province  which  he  ruled  as  an  independent 
king.  The  old  monarchy  had  degenerated  itito  ati  oligarchy,  and  it  waa 
thia  n^volution  which  introduced  Afriam  science  into  Europe. 

Psammetichus,  one  of  the  twelve,  had  for  his  province  the  country  which 
borders  on  the  Mediterranean  Sea.  Availing  himself  of  his  position,  he 
established  an  intercourse  with  the  neighlxiring  nations,  {nrticularly  the 
Oreeks  and  Phuenicians,  and  amasi«ed  from  it  so  much  wealth  that  his 
colleagueH,  jealous  of  his  increasing  power,  resolved  to  dispo<s«ess  him. 
Until  this  lime,  all  foreigners  had  betm  held  in  the  utmost  contempt,  and 
rigidly  exehiflcd.  I'samnteticiius  called  in  the  aid  of  Ionian  [lirate-M.  and 
Other  Abnliterranean  adventurers^  and,  having  collected  a  suliicient  body 
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of  BDch  tnorcenanea,  defc-ated  liiH  colleagues  at  (lie  battle  of  Momomj 
and  became  sole  ruler  of  thv  wliole  country. 

By  ibe  aid  of  a  foreign  force  the  revolution  Itnd  been  ended,  bat  tlwj 
Opraioruftii*  position  of  P6aiiiineticbu»  wai  tisAcnlially  ditlisreDt  livni  Itui 
rofu«(£8ypL  of  aJi  preceding  princes.  X  foreign  force  had  given  bim  ibc 
throne,  and  a  foreign  force  alone  could  maintain  litm  on  it.  Under  sncli 
ciraimstancea,  be  took  his  nio»t  poUiic  coutbc*  and,  breaking  tlirough  the 
tiaditioQS  of  twenty-five  centuries,  opened  the  |Hjrta  of  Kgyirt. 

This  event  neccasarity  led  to  a  cloitcr  tntorcourse  among  the  Mcdtter>j 
rancan  nations,  and  inaurcd  communication  between  Buropc  and  Africa. 
The  foreign  clt^mcnt  quickly  made  its  influence  manife-st  Li  the  very 
next  reign  llie  Cnpe  of  (iood  Hope  was  doubled,  and  ^Vfrica  circumnavi- 
gated, and  ill  the  course  of  a  very  tew  yoarn  we  find  IVthagoras,  Solon. 
and  Thulufl  visiting  K^pt,  and  bringing  from  tlience  to  Europe  the  ole- 
ments  of  law  aiul  natural  science.  „ 

The  Persian  empiric  in  tlie  mean  time  had  attained  an  atlimdc  of  sn-^| 
Tbe  PettiM      P"^™*<5.V  '•*  Western  Asia,      following  the  inspirations  of  its  ^i 
ew|>irc:  iuia.  Itabylonian  prcdccejisor»,  it  wm  engaged  in  continual  wars 
'**''™'  with  iia  African  neighbor.     From  tbe  liattlo  of  iVluaiuni. 

and  the  con<[ue*t  of  Kgypt  by  Cambynea,  the  |>olilical  interests  of  that 
country  and  Ga-cte  became  cseenlially  the  Baroc.      The  Persian  con- 
rjuerorit,  operating  alternately  on  tbe  north  and  south  shores  of  the  Medi-j 
lerrancan,  betrayed  a  dcienninalion  to  extend  llieir  rule  around  that  sea, 
and  make  it  a  I'ordan  lake.     On  tbe  one  hand  tliey  were  resisted  by  the 
Greeks,  on  the  other  by  the  Egj'ptians,  between  whom  active  commtmi- 
calions  were  kept  up.      For  several  centuries  the^e  opcrationa  were  con-i 
ducted  wilh  various  success.     The  kings  of  Persia,  aevend  of  whom 
seem  to  liave  been  men  of  great  capacity,  comprehended  the  political  ad- 
vantages whiuh  would  ariM!  from  tlie  possosaiou  of  the  sea,  and  would 
have  dou  htless  carrietl  out  their  plans  ae  rc8{)ccl8  the  south  shore,  if  the 
Pha^niciana  had  not  opposed  obstacles  for  tlie  sake  of  their  eolonr  at 
Cartilage.     And  though  tlieOreek  historians,  with  a  jiardonahlc  moiire,  ^M 
speak  of  the  varion.4  movements  on  the  north  as  toilurea,  titerc  are  many  ^^ 
circumstances  which  lead  us  to  receive  tlieir  accounts  with  aJIowancca. 
If  Memphis  was  sacked,  Athens  alao  was  burned ;  and  even  at  the  open- 
ing of  tlie  Macedonian  expedition.  Greek  history  is  full  of  Persian  inci-  ^J 
dcnla  and  intrigues.  Hj 

In  speaking  of  the  Egyptian  cultivators  of  philosophy  as  priests,  tbe 
littradacdon  of  8'g"ifica'io"  which  is  now  attached  to  that  word  gives  ua  nn 
Ef^tiut  phi-  erroneous  idea  of  what  they  nvUly  were.  Tlic  colleges  at 
^'  ''  Memphis,  Tbe Iws,  Hcliopolis,  and  Snfs,WDrc.  in  reality,  each 

the  head-quarters  of  a  frntcmiiy  of  artists  and  professional  men,  and  hom 
no  sort  of  resemblance  to  our  modern  eodcaiaacical  institutions. 
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tbem  were  architects,  lawyer*,  physician*,  jmintcrs,  chemists,  ftshrono* 
mere.  These  men  were,  niorco\'cr,  the  great  landowners  ;  not  only  were 
the  temples  riclily  endowed  us  cor]H)ration«i,  but  the  individual  uicnilwrs 
were  pereoiiB  of  wealth.  They  enjoyed  monopolies  of  nil  kinds;  for  in- 
Rtancc,  among  other  thin^  they  had  extensive  lactorieia  for  cottons^  and 
laltoratories  for  the  preparation  of  chemical  products. 

From  these  institutions  the  (rreck  ]>Uilo«ophers  bronght  nntural  sci- 
eiicfc  Pylhiigoras  had  refilled  at  Thclws,  Thalcs  and  Denioo  Tie  Qn»k 
ritua  at  Memphis,  I'lato  Ht  Ileliopolit*,  Solon  at  Sais.  They  •<*»>1»- 
did  at  tirst  little  mor6  than  expound  the  doctrines  lltcy  had  learned. 
Their  mode  of  instruction  seems  to  have  been,  Ln  many  instances,  found- 
ed on  the  Kg}-ptian  inodeL  The  I'ythagorean  eatablinhmenl  at  Crotona 
may  be  re^rdcd  oa  a  partial  imitation  of  the  African  colleges. 

It  ia  not  my  iiileniion  to  enter  on  an  examination,  or  even  enuHiern- 
tion,  of  ancient  philosophical  opinions,  nor  to  show  that  many  of  the  doc- 
trines which  have  been  brouglil  forward  within  the  last  tliree  ceuturies 
existed  in  embryo  in  those  times.  It  may,  however,  lie  obser*"ed  thai. 
in  the  midst  of  much  error,  there  were  those  who  held  just  views  of  the 
various  problems  of  theology,  law,  [lolitics,  philosophy,  and  particularly 
of  thofntidnnifjital  doctrines  of  natural  Kcieuce*  the  con»titiLtioii  of  the  so- 
lar system,  the  ideological  history  of  the  enrih,  the  nature  of  chemical 
fijroes,  the  physiological  relations  of  animals  and  plants. 

It  is  supposed  by  many,  whose  attention  has  been  casually  drawn  to 
the  philosophical  opinions  of  antiquity,  tiiat  the  doctrines  which  we  still 
retain  us  true  came  to  the  knowledge  of  the  old  pliiloisophcrs  not  so  much 
by  processea  of  legitimate  investigation  as  by  mere  guessing  or  crude 
speculation,  for  which  there  was  an  equal  chance  whellier  they  were  riglit 
or  wrong  ;  but  a  closer  examination  will  show  tlmt  many  of  them  must 
hare  depended  on  results  previously  delermined  or  observed  by  the  Af- 
ricans or  Asiatics  and  thus  they  seem  to  indicate  that  the  human  nitnd 
has  undergone  in  twenty  centuries  but  little  change  in  its  inannffr  of  ac- 
tion, and  that,  commencing  with  the  same  data,  it  always  comes  to  the 
same  conclusions.  Nor  is  this  at  all  dependent  on  any  inherent  logic  of 
truth.  Very  many  of  the  errors  of  antiquity  have  reapjHMured  in  our 
times.  If  the  Greek  seJiools  were  infected  with  materialism,  |)antheiam. 
and  atheism,  the  later  pogri'sK  of  pliiiasophy  ha«  sliomi  the  same  char- 
acters. To  a  certain  cxieiit,  such  dotitrinprt  will  receive  an  impression 
from  the  prevuling  creeds,  but  the  arguments  which  have  been  appealed 
to  in  their  favor  have  alwuys  been  the  same.  Tin*  dii^tinction  Ijctween 
these  heresies  in  ancient  and  modern  times  lies  chietiy  in  the  grosser 
characters  which  they  forfficrly  assumed,  arising  |>arlly  from  the  refloctod 
influence  of  the  existing  niylhnlog}',  and  parlly  from  the  inipprfccliMna 
of  exact  knowledge.     Even  the  errors  of  early  antiquity  are  rcncrable. 
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We  must  judge  our  prndru^jifioni  by  lUo  name  ralcii  iltAl  we  Uope  po^ 
tenty  will  Judge  a&,  making  a  geneious  allonrance  for  the  tmperfectioin 
of  runflon,  the  infinnitic-s  of  cUaracter,  aiid  especially  for  the  pnjuUiccii 
of  tlie  times.  To  Imvu  tluvoutly  bt>li<!ved  in  the  oxulcncc  of  a  humao 
sonl,  to  have  looked  forwnrd  to  its  continuing  after  the  death  of  the 
body,  ti>  Iiavc  exjwH-'ted  a  future  slate  of  rewards  and  puiuslinicma,  and 
to  have  drawn  thcrrfrom.  ns  a  phtloMvptiical  concIn5ion,  the  necessity  of 
leading  »  virtuous  lifo — tlwyw,  though  they  may  be  enveloped  in  s  dond 
of  errors  aio  iioble  rcsulta  uf  the  intclleL-t  of  niun. 

The  auulytico]  qiudity  of  the  Kurupcan  mind  alh^dy  manifested  itself 
AailyticKl  in  this  dcconi[>osition  of  knowledge  derit'cd  from  ii^rcign  eoun- 
^uropLn  "  t"*'^* '"  *'''^  esiahiisliinenl  of  a  host  of  kcIiooIh,  this  examinn- 
miiio.  tion  and  di»cuBHion  of  the  fiindainenial  elements  of  the  im- 

ported philosophy.  As  there  are  diflTercnccs  in  tltc  phyaiognomv  of 
races,  ao  there  are  differences  in  their  intellectual  endowuionttf,  which. 
arifiing  in  peculiarities  of  cerebral  construction,  communicate  peculiarities 
to  the  prooessea  of  thinking.  The  physical  science  of  Kg^'pt.  tniLn$]>oTtc<l 
to  tjtrecce,  rapidly  degenerated  into  speculativo  philosophy,  and  ui  ho 
doing  )>roduccd  an  iiistalnUty  of  opinion  which  entailed  as  its  con^e- 
qucnre  a  hvxity  of  morals.  Such  a  social  condition  leil  naturally  to  ihi* 
results  which  liiatory  indicates.  It  is  not  sur]iri^ing  lliat  the  nn>st  em- 
inrnl  mi>n  were  open  to  hribery,  and  that  the  glory  of  tboao  mgcs  was  to 
oAen  the  brilliancy  of  comiplion.  Tlicsc  arc  the  ncrcwary  rcsitlld  at- 
tending such  political  conditions.  Too  often  it  (ell  out  (l»at  the  gnat 
men  of  (}rocc«  accused,  and  too  often  convicted  each  other  of  being  ia- 
Huenv-d  by  IVisian  intrigues  and  Persian  gold.  la  the  gmierul  dcioor- 
alization.  they  MMrm  to  have  taken  for  Ihcir  guide  a  |KTvcr(cd  intexpreta- 
tion  of  the  adniintble  precept  of  Holon,  '*  In  every  thing  thoa  docst«  con- 
sider the  end." 

Added  to  thi*,  the  pnblic  faith  in  things  onee  implicitly  helieved  was 
shaken.  Xerxes  in  n  very  uiifcrcnionions  way  violated  llio  tcinples  and 
carried  off  tlieir  treasures,  showing  the  same  contempt  for  (he  gods  of 
Europe  tliat  Cambyses  had  shown  for  those  of  Africa.  If  (lien:  lingered 
in  the  minds  of  the  philosophers  any  latent  belief  in  the  natioiial  futth,  a 
reJie  of  the  impressions  of  childhood  or  of  [lopulor  opinion,  such  a  pmc' 
Greek  Itk-  ti<^  demon  Mt  ml  ion  could  scitrcely  lie  hml.  During  the  fifty 
li£iai.  ypara  of  thai  war,  I  lie  philowiphical  opinions  of  the  Persiana 
had  fhll  op{)ortimtly  to  find  their  way  among  a  class  of  men  quite  opei 
to  receive  ihem,  and  from  this  time  we  perceive  ii  striking  siniilaritv  be- 
tween many  of  the  doctrinrs  of  tlie  schools  and  tlte  well-known  dogmas 
of  the  Orientals.  The  Greeks,  like  the  llindotft,  in  iho  {rassession  of  the 
mere  rudiments  of  sejencc,  parsed  at  onee  to  the  discussion  of  tlir  most 
imjrart&nt  and  elevated  problems  with  which  the  human  mind  can  be  en- 


i 


4 


ORIOtlf   OP    R(TROPC.\N    C(>MHr.R(7_ 

gaged,  and,  is  an  tncWtablc  coiiftrquoiice,  ircrc  led  away  from  Inii*  pbi- 
losophy  into  sopiiistr;'  and  irrcUgion. 

It  \i»s  lieen  remorkeil  a  few  pages  back,  thai  in  llie  progrewi  of  nations 
eveiitu  follow  in  r«|M;oling  cycles,  and  thai  Ibr  any  oii''  wo  may  generally 
find  its  precurtM:>r,  and  tlierefure  its  progiiQtulic.  (rreece  dealt  with  tlie 
philosophy  she  hnd  received  li-om  the  southcni  people,  African  or  Asi- 
atic, exactly  iu  the  Kamc  maimer  that  Kiin>[m  dealt  with  Italian  theology 
the  moment  that  lilwrty  uf  airlion  waw  [H-nniltcil  hy  the  llelbniiation.  In 
each  case  the  issue  vsxa  not  the  prompt  and  final  Hiibstitution  of  a  sys- 
tem correcting  apparent  and  acknowledged  detects,  a  system  in  nnison 
with  the  existing  tone  of  thought.  There  was  no  snch  stoppage  of  ac- 
tion; hut  from  the  hosom  of  eaoh  prineipln  and  sect  many  otltcr  princi- 
ples and  sects  arose,  until  there  seemed  to  be  no  end  to  the  subdivision. 

If  thus  we  consider  the  political  position  of  CJrwue,  the  condition  of 
.Vsia  Minor,  occupied  by  IVntiiui  troops  tim  destruction  tliut  Inflacni*  of  ibo 
had  overtaken  Egypt,  the  excitemeiitB  and  caiamiliea  of  a  war  ^^""^od",^  -y. 
of  half  a  century,  we  can  readily  unilcrt^taiul  tiiat  this  was  l«K>phv. 
not  a  season  when  the  tedioiL;*  and  alow  processes  of  true  philosopliy  wore 
likely  to  flourish,  and  tluit  it  was  lar  more  conducive  to  imposture  tlian 
to  science.  The  seeds  of  knowledge  which  had  been  brought  from 
Egj'pt  shot  up  into  a  rank  growth,  and  Europe  did  not  free  herself  of 
these  weeds  for  sixteen  centuries.  TIic  character  of  a  long  train  of 
events  i^  often  determined  at  its  inception:  for  this  reason,  1  have  dwelt 
in  detail  on  tliose  times,  and  it  is  well  worthy  of  remark  that  tlie  jiosi- 
live  Bcicni'e  of  the  F.umfit'an  was  not  fairly  established  until  after  three 
distinct  impulses  from  Egypt :  once,  as  wu  have  seen,  under  her  l^h*- 
raohs;  again,  under  her  l^olemics;  and  still  again,  under  her  Caliphs 
and  Sultand. 

While  these  events  were  taking  place  in  the  southeast  of  Europe,  do- 
mestic and  foreign  commerce  wero  pnr|)ai-ing  the  way  for  a   ^  .  .     .~. 
gradual  diffusion  of  civilization.     A  trade  n'ith  the  countries    rupean  <»»• 
tiordering  on  the  Hnllic  Sea  for  the  amber  wliich  is  found  on   '"'"• 
those  shores  had  gradually  arisen,  and.  in  like  manner,  another  with 
Spain,  France,  and  England  for  tin.     The  tin  of  Cornwall  was  carried 
lUrough  France  and  shipped  by  the  Phoenicians  at  MarseiUeii,  a  certain 
quantity  of  the  same  metal  being  also  abtaincd  from  the  Spanish  mines. 
Early  in  their  history  the  I'huunicians  liad  established  colonies  on  several 
points  of  the  Blnck  Sea,  and  from  these  dejiots  they  brought  the  various 
products  of  those  conntrie.'<,  among  which  may  1:>e  mentioned  gold,  which 
had  apparently  been  originally  derived  from  the  washing  of  the  Uralian 
deposits.    This  Black  Sea  commerce  seems,  however,  to  have  been  evcnt- 
nallj  abnndonc*!  for  the  more  profitable  Spanish  trade,  and  on  tlie  wtth- 
dnwal  of  the  Phoenicians  from  the  Euxine*  the  Greeks  occnpied  iheit 
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m»«.vcrT  of  P'*''*^  Meantime  the  entcrprUo  ot'  the  TjTian  aailore 
iba  Stni'u  of  ou-nud  iticiii  through  the  Stiuita  oi  Gibraltar,  autl  ciiubled 
'*''  ihvm  til  have  diruct  accesd  witii  the  tin  and  amber  countries 
witbont  t]jo  interveniioii  ci' any  ovt-rlaiid  tralltt;.  It  was  doiihth'sa  the 
discovery-  of  thitt  outict  to  the  AtJaniic  which  led  to  the  destruction  of 
ihc  CiaulUIi  trade  in  tin  and  the  (tcrman  trade  in  amber.  So  gKally 
was  this  latter  substance  prized,  that  the  overland  oontmen-e  in  it  had 
many  ramitications  :  thus  amber  was  carried  into  Italy  by  the  Ktruscans. 
who  had  a  aocred  road  uiidur  the  prutectiun  of  the  adjacent  tribes  to  the 
Baltii"  Sea. 

With  their  commerce  tlic  Phoenicians  diascminaicd  a  Unowlcdf 
many  inventions  |ic*;uJi!ir  lo  themselves,  among  which  may  1«  mentii 
the  use  of  slamj)0<l  metallic  coinage.  Their  great  .V&ican  colony,  Car- 
thage, exerted  in  these  movements  eventually  a  more  powerful  inflnence 
than  even  the  parent  country. 

Emulating  tlie  enlerpriite  of  tlie  I'ha^nicians,  the  Greek  maiiiMara  tm- 
dertook  expeditions  l^th  to  the  cast  and  to  the  west,  Buooeeding,  aa  wv 
have  seen,  iu  establishing  tbiMnsi'lvi^  on  the  sbotes  of  the  Kuxioe,  and 
eventually  pn^siiig,  under  Cula?us  of  Samoa,  through  the  Straits  of  Gib- 
raltar into  the  Atlantic  Ocean:  but  even  up  to  the  time  of  the  Mac«- 
Cbft  Mutdftiu-  donian  ejcpcdition,  their  geographical  ideas  u-crc  very  crude 
u  <«mp«ign.  gnd  full  of  errors.  Of  the  expedition  of  Alexander,  Hum- 
boldt remarks  that  it  partook  as  much  of  tite  character  of  a  scienlitic  as 
of  a  military  undertaking,  and  its  consequences,  botli  immediate  and  re- 
mote, U|>on  Europe  can  scarcely  be  exaggerated.  That  great  eomraandcr 
surrounded  himself  with  whatever  talent  waa  to  be  found  in  Greece,  and 
made  hia  military  succeasea  for  a  time  subscrriont  to  the  science  of  his, 
native  country.  It  waa  through  tliia  that  Aristotle  obtained  that 
manding  influence  which  not  only  gave  him  an  anthority  over  the  actii 
mind  of  hit)  own  timea,  but  which  Mas  felt  even  until  the  inlroduciion 
the  Itaconian  system  of  philosophy.  The  campaigna  of  .Mexander  doab^J 
led  the  geography  of  the  (jrocka  in  longitude,  opened  to  their  inveeti 
galion  new  countries  cvm  to  the  tropica,  brought  tlicm  ao^uainled  witl 
races  of  men  who  had  been  the  de|x)6itaries  of  scienoe,  aa  it  then  existed^ 
for  thousands  of  years,  and,  in  short,  added  ^Vsiatic  to  Grecian  knowl- 
edge. It  in  a  significant  fact  that,  after  the  taking  of  Babylon,  Alexander 
sent  to  Aristotle  a  scries  of  astronomical  observations  reaching  back 
through  19t).'l  years. 

The  )[accdoni»n  expedition  not  only  made  a  profound  inipre*jion' 
R«*[c<railon  of  *''®  EuTopcan  mind  by  its  immediate  results — ^ita  iutlucncc 
monanby  la     equally  pal])ahle  in  its  remoter  consoquencoB,     It  would  btt] 
^^'* '  ini]KiK«ibU'-.  in  such  a  sketch  as  this,  to  do  jostioe  to  that  gnat'] 

event  in  all  its  details ;  fur  nations  can  not  be  thus  broaglit  ui 
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ttitliout  proOIgioua  mental  result?,  tlw  extinction  of  old,  ami  ilie  «|)peiir< 
ancc  of  iicn-  tdi^ti.  Itut  of  the  iuflucnees  whicli  lliuH  arose. there  ix,  how- 
ever, one  whicJi  deserves  to  faetfti  our  attention,  and  the  more  ho  since 
we  have  liail  already,  and  shall  havo  ngain,  the  occasion  for  alluding  to 
it.      It  was  the  eslaliliahnieiit  of  a  recal  govpmmrnt  in  Kgvjit.      Under 

the  I'tolcniins.  who  niav  he  truly  charaetcrized  aa  the  most  _    _  . 
.„.,.-;.,  .  ,    TTie  Ptotumle*. 

umi»tnous  kings  of  antiquity,  that  ancient  coantry  recovered 

hwt  |m*tine  glur)-.     Among  the  works  accomplished  by  thcM  great  n«n 

iy,bc  mciitiuned,  as  examples  of  their  liigh-tuned  jxjlicy,  the  scntUng 
oat  an  exploring  expedition  to  equinoctiiii  Africa:  tiio  establic^hroejit  of 
menageries  and  zoolo<^cnl  gardens  at  Bnichiuni:  their  attempts  at  determ- 
ining the  cJiuae  of  ihc  overtlow  of  llie  Nile;  the  lilmwy  at  Alexandria; 
the  nuipenm  at  Rhakotis;  the  measiirenicnt  of  a  degree  on  the  oartirs 
surface  hetween  Alexandria  and  fivenR:  the  aacertaining  of  tlie  prwlii^ous 
diutance  of  tlic  region  of  the  tixed  slam;  the  rfe<^gnilion  of  the  motion 
of  rotation  of  the  eartlt  upon  her  axis,  and  of  hpr  trnmslation  around  the 
sun  :  the  precession  of  the  et  juinoxcs ;  the  attempt  at  constructing  a  map 
of  the  world  by  the  aid  of  degrees,  based  on  lunar  observations  and  on 
sbadows;  the  improvonient  of  the  methods  of  astronomical  observation 
by  the  invention  of  water-cloeks,  an<l  itwtruu'^'i't^  fur  the  mnn'  aeeiuratc 
measarement  of  anglct.  i'Vlong  u-ilh  thcM.-,  Ilaron  Ilumbokll,  in  his  Cofi- 
rn08,  has  enumerated  many  other  philosophioal  works  of  the  Ptolemies, 
wiiich  exerted  a  profound  iutluence  both  upon  the  knowledge  and  intel- 
lect of  Europe.  Greece  now  repsiid  what  slie  had  formerly  borrowed ; 
her  schools  of  phitoisMJphy  were  translated  to  Alexandria,  and  the  great 
names  of  KucHd,  ApoUonius,  and  Archimedes  testily  to  the  return  of 
those  ages  to  exact  science. 

The  decline  of  (Jreecc  and  her  final  absorption  into  the  Roman  em- 
pire was  the  necessary  consequence  of  her  mode  of  life.  In  Derttne  of 
poliev  »i  in  philosophy,  her  e-esrntial  tendency  was  to  sub-  rtsTof  ihaEo- 
division,  and  theretbrc  to  weakness.  In  her  external  rela-  umh  raipir*. 
tions  she  had  ever  been  far  more  closely  connected  with  Asia  than  with 
ICuropc.  For  a  long  time  she  was  little  more  than  an  outlying  territory 
of  Persia,  respecting  and  fearing  the  highly-civilized  nations  in  her  front, 
bni  scarcely  concerning  herself  with  the  harbnrians  at  her  back.  Very 
different  was  it  Mrith  Home,  her  gn.'at  supplanter  and  succcAwr,  who. 
thoroughly  Kuropcan  in  her  whole  history,  exercised  an  active  interven- 
tion in  the  aifairs  of  adjacent  nationa — an  inBaence  per|>etiially  telt 
through  Spain.  Germany,  Gsul.  and  Britain. 

It  is  diflieull  to  estimate  fully  tlie  intluence  of  the  Roman  empire  on 
the  intellect  of  Europe.  Its  jiower  lay  not  in  (he  origination  of  what  waa 
new,  but  in  the  development  and  dissemination  of  what  was  derived  from 
other  sources.     The  contributioDS  of  the  l(omnn  emperors  to  the  stock 
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of  po8i*li%"C  knowledge  bear  no  kind  of  comparison  to  that  of  the  Ptw^ 
tuius  just  nientjotied ;  indeed,  liitiir  works  have  reference  cUicfl y  to  DiUitary 
porposcs  and  materia]  ag^undizement.  In  this  manner  we  miut  look 
upon  llie  surveys  and  ittiiurani-»  which  thi;y  caused  to  be  made  of  mi- 
QUB  parts  of  the  empire.  Ne%-ertliek'ss,  through  their  inflnencc  the  idea 
of  civilization  wos  gmdoatly  made  to  tmd  its  way  ttirongfa  Central  and 
Northern  Kuropc.  i 

The  function  of  Homo  in  our  history  \f>  very  distinct  From  snul^^ 
CcBtnliiiiK  t^niiing»  she  steadily  pursued  the  same  progress.  ,  Tu^f 
uewoi'rf  '"^  conquest  and  absorption  of  town  after  town,  which  was  the  1 
Komi*.  history  of  her  earlier  times,  was  earned  ont  in  the  annexatMa 

of  nations  in  her  day  of  strength.     From  the  monient  that  she  guned 
the  control  of  the  ilt'ditcrratican  Sea,  which  wiut  the  grand  epoch  of  hi 
life,  she  inexorably  forced  all  the  contenninona  nations  to  acknowledj 
Italian  centralization.     It  is  no  mctaplioriud  expression  tliat  she  becami 
their  centre  of  gravity.     No  circumstance  could  occur  lo  her  wliich  dii 
not  iniitantly  iiiAuence  thcin  all.     As  far  ntote  than  an  equivalent  for 
dubjugatiun  and  loss  of  injepcudenoe,  slie  made  them  into  a  common 
race,  luumonizing  tlicir  actions,  and  giving  tfacm  oouunon  ideas.     Thr 
Homan  empire  was  the  orgiuiizirig  agent  of  the  white  man. 

Tlic  acts  of  man,  though  tliey  may  Imvo  tlic  a^jHKt  of  free-will  aa  re- 
gards himself,  are  automatic  as  legards  the  race.     Ue  is  employed  In 
achieving  a  result  cf  which  he  is  utterly  ignorant ;  he  is  conocnied  in 
work  of  the  cficcta  of  which  be  is  unconscious.     He  is  like  a  bee,  w 
doubtless  experiences  a  certain  pleasure  in  flying  from  tlou'er  lo  flowef. 
the  gratification  of  an  oliscure  desire  in  constructing  lvU  after  cell,  its 
individual  delight  mitiistcriiig  to  a  public  good  of  the  nature  of  which  tt^J 
is  wholly  unconscious.  ^^ 

In  BUfh  a  manner  we  may  look  upon  the  career  of  the  Roman  with^^ 
satisfaction.  Uo  was  pursuing  a  lite  of  evil  deeds,  and  accumulating  in  . 
Jiis  great  and  dissipated  capital  tlic  spoils  of  wastcrl  provinces,  gratifying 
his  wanton  luxuries  by  a  systematic  resort  to  war,  that  most  awiul 
the  curses  that  afflict  our  race.  It  was  the  temporary  lust  of  individ 
interest  that  be  was  pursuing.  Providence  was  bringing  out  of  it  a  uni- 
vcrsnl  good. 

If  Home  was  cruel  in  her  national  acts,  she  was  majestic  in  her  poli 
Thebii  fE     ^'"^  dcciuiaU'd  hittions  tliat  she  might  bind  thi-iii  into 
foiiMui  pat^u-    family.      With  remorseless  vigor  alio  extinguished  e 
""'  trace  of  independent  action,  and  with  a  contmdictory 

noble  liberality,  domesticated  tlic  worship  of  every  conquered  people 
round  the  Capitol.  Thcro  was  no  god  whose  iznage  she  could  not  show, 
no  faith  of  which  she  was  not  the  patroness.  It  may  serve  as  an  exam- 
ple of  the  manner  in  which  her  poUcy  led  to  deliuito  results  of  which  As 
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WM  unaware,  or,  if  Aware,  of  the  manner  in  which  the  strong  hand  of 
Providence  inverted  her  designs,  llint  by  this,  her  ayotcm  of  universal 
toleration  of  every  ancient  Inith,  she  absolutely  destroyed  tbeui  all. 
Drought  tbuB  to  bear  upon  one  another  at  a  common  central  point,  their 
contradict iutus,  iiicontiisteiicica,  fallacy,  and  emptiness  became  apparent. 
The  men  of  cajMicity  Hrvt  niadi;  the  dctcelion,  their  opinions  spntatling 
by  degrees  tlirough  society.  Welt  might  Ht.  Chrysoslom  say  that  the 
error  of  idolatry  vanished  of  itself,  and  tliat  paganism  eceracd  in  his  day 
"like  a  conrjucred  city,  whose  walls  were  overthrown,  her  halU,  theatres, 
and  public  buildings  coneunicd  by  fire,  her  defenders  slain,  and  here  and 
there  a  few  old  men  and  chlUlrcu  liiigeriug  among  the  nuDB.  Kren 
thcKO  «erc  tioon  found  no  more." 

it  is  sometimes  said  that  the  Itoman  empire  was  essentially  composed 
of  ciliea;  that  at  its  fall  its  fragnicnta  were  cities;  and  lliai  it  left  nothing 
to  poKtority  but  its  municipal  ^yatcm.  Such  a  statement  is  not  true. 
Its  legacy  was  of  a  far  higher  wder.  It  lef^  the  religion  it  had  adopted, 
the  civil  law,  and  the  foit.-8hadowing  of  the  great  deeds  that  might  be  ac- 
complished by  the  white  man  organized  and  united.  To  this,  in  a  more 
perfect  way,  the  afiaii's  of  our  times  arc  still  conspicuously  tending.  Wo 
begin  to  hear  of  the  opinion  uf  Europe,  the  public  law  of  Europe,  exprea- 
aions  whiclt  are  gaining  vatih  day  more  and  more  aignificance. 

In  that  pbantaBmagortal  exhibition  which  we  ciUI  history',  events  give 
birth  to  events  as  in  dissolving  views,  tlie  phantoms  of  the  ]nfl„Hn„^(|,p 
actors  stalking  one  after  wiother.  It  is  not  always  possible  vmptn  in  it* 
for  us,  with  the  slender  uifuriuatiou  we  possess,  to  determine  ™' 
the  time  of  origin  of  cacli  tticident,  or  its  1rae  and  actual  bearings.  The 
secret  history'  of  anliijuily  is  almost  unknown.  Nearly  cveiry  circom- 
stancc  in  the  decline  of  the  Honmn  empire  was  fraught  with  important 
consequences  for  modem  dmea.  Among  the  more  obvious  &cta  which 
attract  our  attention  arc  the  dislocation  of  ihc  centre  of  tlie  empire  by 
the  translation  of  the  scat  of  govcninient  to  Constantinople,  the  conse- 
quent acquisition  of  power  by  (he  bishops  of  Home  in  the  West,  tlte  in- 
ccsMDt  emigrations  and  invuitions  of  barbarians  from  the  Xortlu  ihc  con- 

■■  4{tiMt8  of  the  Saracens,  from  whom  it  seemed  at  one  time  that  Europe 
would  liardly  escape,  and  that  ttie  threat  of  Muza  would  oome  to  pasa, 
that  the  name  of  Mohammed  should  Ih'  pn>cJaimi>d  in  the  Vatican:  the 
consolidation  of  ecclesiastical  policy,  and  the  repeated  attempts  of  the 
Church  to  suppress  barbarism — attempts  so  signally  suocessfhl  that  fay 
tlw  end  of  the  eighth  century  inany  of  those  nations  had  written  systems 
of  law :  the  separation  of  the  Greek  and  Latin  Churches,  the  The  papAi 
diilbrent  phases  whicli  the  latter  assumed  as  ahc  was  affected  ««"nini«ot. 
by  .existing  cireumstimccs,  how  she  extricated  herself  &um  an  almost 

'  barbarous  state  allcr  tJie  empire  had  failed  her,  how  she  BBscrted  ibc  in- 
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liqicndcnce  of  llip  Ajiiriltial  nnlcr,  how  ulic  kept  lier  gnsp  upon  niankhicl 
by  the  csUMishim'iit  of  niumiatic  institutions ;  how,  &hpr  the  death  Of 
Cbarlcjiiagne,  who  had  done  bo  much  for  li«r,  alio  adopted  the  feudal 
system,  which  was  t)ic  legitimate  oA!«]>riii^  of  barbarism ;  bow,  ai?  knowl- 
edge began  to  spread,  she  tried  to  render  it  tribatarr  to  her  by  coundis, 
uouvocationg,  federations ;  how.  finding  it  likely  to  booomc  uncontrulbtUci] 
she  look  the  alomi,  and  in  an  evil  hour  aitcmptcd  its  rcpreselon;  how 
for  a  littht  while  she  became  tho  autocrat  of  Kiiro]M!,  and  in  the  plcnitndc. 
of  her  power  so  greatly  forgot  her  duty  that,  in  the  time  of  I.*o  X.,  il^ 
was  doubted  in  Home  whether  the  AonI  be  immaterial  and  immortal. 
Erasmus  testifying  with  hori-or  tlmt  he  heard  it  proved  that  there  is 
no  difference  between  the  soul  of  a  man  and  that  of  a  beast — of  a  truth 
it  waa  said  that  the  Ktemal  City  teemed  at  once  with  all  crime  and  all 
the  glories  of  art — how,  against  the  moral  and  intellcetuid  revolt  which 
she  cneimnlered — the  Kefonnation' — the  Church  made  a  stand  i>y  the  nidi 
of  the  tSoeiety  of  tlic  Jesuits  and  the  establishment  of  the  lnqitt<iitiont 
I  and.  with  a  quick  sense  of  her  tme  position,  attempted  t* ' 

MiPi-rcMiiig  guide  children  through  education  by  the  former,  and  to  check 
tiausapby.  ^^^^  ^y,  ^-^^  lenors  of  the  latter;  how,  as  if  by  instinct,  sbc 
detected  the  antagonism  of  exact  science,  and  on  the  one  Itand  published 
her  Index  c^  prohibited  books,  and  on  the  other  allied  licri^cU'  with  an, 
cultivating  it  so  eminently  as  to  compel  even  her  cnemios  to  confess  iliat 
she  had  ]>roduced  true  miracles  at  last — in  architecture,  sculpture,  paint-: 
ing,  music.  Pius  IV.  was  jusiiticd  in  comparing  some  of  her  gnindj 
masses  to  the  strains  of  Paradise. 

The  mistake  commiticd  by  the  Italian  government  in  thus  attempting' 
ibo  compression  of  human  tliougbt  was  in  its  iinj>ertect  appreciation  of 
the  qualities  of  (he  European  mind  and  the  existing  pliilosopliical  lend* 
ency.  Up  to  a  certain  p4>int  opinion  may  be  cocaved  by  force.  It  is 
ahogcthor  a  mlgar  error  that  persecution  never  attains  its  ends.  In 
nine  ctkaex  out  often  it  does  attain  them,  provided  it  ia  applied  with  sof-j 
tieicnt  scvojity  and  for  n  sufficient  time,  ns  is  proved  by  the  hiator}'  of 
almost  any  nation ;  Imt  in  tlic  tcntit  it  tails. 

Judging  from  tlie  experience  of  twenty  centuries,  for  that  was  neariyi 
Paiiim  uif  that  tl>^  period  during  which  the  European  had  been  philo^^ophix- 
■tMrnjit.  jng,  tbe  pojies  weru  justified  in  coming  to  the  conclusion  that 

they  did.  Those  centuries  luid  produced  no  philosophy  of  a  sure  and 
permanent  kind.  The  only  fniit  which  they  had  borne  was  the  meta- 
physical uncertainties  of  the  schools.  There  seemed  no  prospect  that  the 
human  mind  would  ever  du  tiioru  tlian  flounder  in  doubt ;  that  sect  after  < 
sect,  and  doctrine  after  doctrine,  would  emerge  into  prominence  and  disap- 
pear. In  such  a  state  of  things,  it  was  not  to  be  supposed  that  any  peril 
could  axinc  from  attempting  to  control  opinion  by  authority,  and  to  extin- 
guish the  spirit  of  inquiry-  by  asserting  the  paramonnt  efficacy  of  fiitth. 
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In  tliua  failing  to  rcoogiiizo  tho  fact  that  things  were  coming  to  that 
condition  in  which  the  elements  of  certainty  and  ab*olme  philo.«ophical 
truth  would  be  shortly  attained,  llic  pyj»«;it  committed  the  Clnirch  to  an 
irrepiirable  error.  They  periled  her  authenticity  in  an  unequal  conflict. 
It  miglit  do  for  a  little  time  to  deny  and  denounce  the  globular  figure  of 
the  eurlii.  but  the  demons  (ration  of  the  truth  canio  irrcHiHtibly  at  last; 
and  so  with  ihu  doctrines  of  the  antijxxlcs,  the  daily  rotation  on  on  axis, 
und  llie  annual  translation  round  the  sun.  It  enhanced,  the  foUy  ofthoae 
procecdingg  that  they  were,  in  reality,  inaincerc.  Of  the  great  ccclesiiw- 
tic8  there  probably  were  none  who  did  not  privately  admit  the  truth  d 
what  wa»  tluiM  condeinncd.  "WHien  the  baric  Vittoria,  of  Magellan's 
squadron,  made  the  first  voyage  of  circumnavigation  round  Il»e  globe,  it 
was  a  high  Church  dignitary.  Cardinal  Contariui,  who  ga>'o  the  true  ex- 
planation of  the  circuiuEtaiice,  then  Hrest  remarked,  of  the  losa  of  one 
whole  day  in  her  rcckonnig.  Biich  insincerity,  and  the  issue  of  these 
and  other  like  queationa,  could  end  in  no  other  way — they  sapjied  the 
prestige  of  the  Church.  How  different  would  it  have  been  if  she  had 
taken  tho  lead,  and  directed  the  human  mind  in  the  channels  througli 
which  it  was  dcatined  to  pass,  instead  of  opposing  herself  as  an  obstacle! 
Slie  might  liave  guided,  but  she  coiild  not  resist. 

It  is  lo  be  remarked  that  the  men  who,  from  th«  twelfth  to  the  six- 
teenth century,  diatinguishcd  themselves  in  precipitating  the  xh,  Rrfbrai*. 
result,  were  mostly  ecclesiastics,  iioger  liacon  may  be  taken  *•"■• 
as  the  type  of  them  ulL  Their  labors  had  no  little  connoction  -with 
the  Kcformation  whicli  was  headed  by  Luther.  Though  we  arc  accna- 
tomod  to  regard  this  with  the  most  profound  interest,  a  more  philosoph- 
ical view  of  the  state  of  things  ma}*  perhaps  suggest  that  it  is,  in  real- 
ity, only  one  act  of  a  great  drama.  Wv  should  not  mistake  an  episode 
for  the  main  event.  The  Itefonnation  soou  reached  its  full  expression 
in  dividing  Christendom,  (tcographicolly  it  culminated  in  ltS48,  at  the 
ireaiy  of  Wcstplialin.  By  the  philosopher  it  will  ever  be  contemplated 
with  unalloyed  satisfnction,  for  it  asserletl  as  its  chief  doctrine  the  right 
of  the  human  mind  to  judge  for  itself,  a  doctrine  so  unspeakably  precious 
as  to  make  of  no  account  llic  inconvcnicn()e>t  which  arise  in  its  praciical 
application  from  the  continual  multiplication  of  seels. 

In  the  history  of  the  Euro|.ieau,  from  the  lime  of  the  Emperor  Con- 
stantine  to  the  eighteenth  century,  ihu  ceclesinslical  element  iniioHiioeof 
SO  greatly  preponderates  as  to  constitute  its  almost  essential  '|"  'hfirfi** 
feature;  and,  after  all.  it  is  impossible  to  do  justice  to  tlie  rvr>-)uiiiiiii- 
eOoctB  which  ensued  on  the  establishment  of  Christianity,  **'•*"■ 
and  its  adoption  by  the  white  m.tn  as  his  religion.    The  ci"l  law  exert- 
ed an  exterior  power  in  human  relations ;  this  produced  an  interior  and 
moral  change.    The  idea  of  on  ultiniAte  accountabilitv  for  personal  deeds, 
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of  whicli  tlie  old  Europeans  h^i]  an  indLtsttnct  perception,  became  iQteii«e 
and  prrvtsc ;  the  Muiciiueiit  of  universal  cliarity  was  excmplitiecl  not  only 
ill  individual  avt^  tiic  rcmcnibrauce  at'  which  soon  posses  away,  but  in  thr 
more  pcimoDent  institniioii  of  cslublishineJitA  for  the  relief  of  affliction, 
the  spread  of  knowledge,  the  propagation  of  truth.  <>f  the  groat  ccclesta«- 
lies,  many  had  ri^H'O  troni  llie  humbkst  ranka  of  socielj,  and  these  men, 
true  to  their  democratic  instincts,  were  often  fonnd  to  be  the  inflexible 
rapportcra  of  right  against  might.  Kventttally  coming  to  bd  the  depoei- 
tarius  of  the  knowledge  that  ihcii  existed,  lUey  opjweed  intellect  to  bnile 
foRMs  in  niany  instances  succcsstuUy,  and,  by  tiie  example  of  the  organi- 
Efttion  of  the  f'hurch,  which  was  egsentially  republican,  ihcy  sliowei)  how 
toprracntatire  «y«lcai8  may  bo  intr<j<liii*e<l  into  iJic  state.  Nor  waa  it 
Qverconimuniiirs  and  natiouathat  the  Chnrefa  displayed  her  chief  power. 
Never  in  the  world  U-forc  waa  thorn  hucIi  a  system.  From  licr  centra! 
Mac  at  Homo  her  idl-*eeing  eye,  like  thai  of  rrovidence  itself,  could  djual- 
ly  take  in  a  hemisphere  at  a  glance,  or  examine  the  private  life  of  any 
iiiiiividuiiL  ller  boundless  iuHuences  enveloped  kings  in  tbrir  jialaces, 
or  relieved  the  beggar  at  tiic  mouastcry  gate.  In  all  Kuropo  tliere  wu 
not  a  man  too  obscure,  too  insignifiuaut,  or  too  desolate  for  Iter.  Snr- 
roundt:d  by  her  sole mni tics.  en;try  one  received  his  name  at  her  altar :  her 
bells  cliimed  at  his  marriage,  her  knell  tolled  at  his  fnnerab  She  «x- 
torlcil  from  him  the  scerct.4  of  hia  life  at  her  eontcsaionalft,  and  puniafaed 
his  faults  by  herpenancea.  In  his  hour  of  sickncas  and  trouble  her  serr- 
anta  sought  him  out,  teaching  him  by  her  cxrjuisite  litanies  and  praynra 
to  place  his  TBliaiice  on  Mod,  or  nlrengtfaeiiing  him  for  the  trialtt  of  life 
by  tlie  example  of  the  holy  and  just,  llcr  prayers  had  an  efficacy  u 
give  repose  to  tlie  aoul  of  his  dead.  When  even  to  his  tricndfl  hie  life- 
less body  hod  become  an  oflcnse,  in  the  liamc  of  God  ahc  received  it  into 
her  consecrated  ground,  and  under  her  shadow  he  rested  till  the  great 
reckoning  day.  Krom  little  better  than  a  slave  ahe  raised  kia  wiie  to  be 
bis  equal,  and,  forbidding  him  to  have  more  than  one,  met  her  reootDponac 
tor  tlioee  noble  deeds  in  a  tirni  friend  at  evi^y  lir^ide.  Discountcuancing 
all  impure  love,  she  put  round  that  fireside  ibu  cliildrcn  of  one  mother,. 
and  made  that  mother  little  less  than  fiacrcd.  in  their  eyes.  In  ages  of  J 
lawlessness  and  rapine,  among  people  but  a  step  above  earages,  she  via- ] 
dicated  tli<?  inviolability  of  her  precinct.-*  atrainBt  the  hand  of  power,  and 
made  iier  temples  a  refuge  and  sanctuar}*  for  the  despairing  and  oppress 
«d.     Truly  she  was  the  shadow  of  a  great  rock  in  many  a  weary  land '. 

The  civilization  of  the  Kuroi)ean,  so  far  as  it  has  yet  advanced,  has 
been  accomplished  by  the  agency  of  many  different  causes,  foreign  nod 
domestic;  but  among  all  thc^e,  the  instilulion  of  the  Christian  Cliurdi 
stands  pre-i'minent  by  reason  of  tlie  moral  power  it  exerted,  its  duralion> 
and  the  social  benetits  it  has  conferred. 
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Out  of  (he  numberless  blessings  wliich  have  thiia  Ijcen  conferred  on  our 
race  hy  the  Church,  tlic  physiologist  may  be  pennitted  to  se-  TbeSabUiU 
lect  one  for  remark,  whieb,  in  an  eminent  maimer,  has  con-  '•*'• 
ducfid  to  our  physical  and  moral  well-bciiig.  It  in  the  ini^litution  of  tJie 
Skbbath  day.  Not  that  tliin  ongiiiFitiMl  witli,  or  is  peculiar  to  the  Chria- 
tiAn  faith,  since,  at*  is  known  to  all,  it  dates  from  the  remotest  times,  and 
wna  (lircctlj-  adopted  from  the  Hebrew  ceremonial.  Its  Banctificntion  and 
enforcement  by  the  Church  tpos  at  once  an  object  important  in  th^  high- 
est degree  in  ecclesiasfical  polity,  and  a  boon  to  all  claSHes  of  men;  for 
in  whatever  |Wsition  of  life  wo  may  bo  placed,  it  is  needful  for  us  to  have 
an  opportunity  of  rest.  No  man  can  for  any  lengtJi  of  time  puratie  one 
avocation  or  one  train  of  thought  without  mental,  and,  therefore,  bodily 
iiijnry — nay,  without  insanity.  The  constitution  of  ihc  brain  is  such 
thai  it  must  have  its  time  of  repose.  Pcriwlicity  is  stamped  Ncccwity  of 
upon  it.  Nor  is  it  enough  tliat  it  is  awake  and  in  action  by  P*******''"^ 
day,  and  in  the  silence  of  night  obtains  rest  and  repair;  that  same  perio* 
dicily  which  belongs  to  it  as  a  whole,  belongs  to  all  its  constituent  parts. 
One  portion  of  it  can  not  be  called  into  incessant  activity  without  the 
risk  of  injury.  Its  different  regions,  <lcvot4-d  to  diffen-nt  funetioiiP,  must 
have  their  aeparale  timen  of  rest.  The  exeitenient  of  one  part  must  be 
coincident  with  a  pause  in  the  action  of  another.  It  is  not  possible  for 
mental  c-«]uilibrium  to  be  maintained  with  one  idea,  or  one  niouolonoua 
mode  of  life-  There  is  a  necessity  even  for  men  of  great  inteJIectnal  rn- 
downient3,  wlioise  minds  are  often  strained  to  the  utmost,  to  fall  back  on 
other  pursuits,  and  thus  it  will  alwHjs  be  that  one  seeks  refuge  in  the 
pleasures  of  quiet  country  life^  another  iu  foreign  tnivcl,  another  in  social 
amuaemonls.  Pitt  stjoght  a  relaxation  from  the  cares  of  politics  in  the 
excitement  of  tlie  chase :  Davy  found  a  relief  niid  consolation  in  the  rod 
and  line;  and  among  men  whcAC  lot  is  cast  in  the  lowliest  condition,  whoso 
hard  destiny  it  is  to  spend  their  whole  lives  in  the  pursuit  of  their  daily 
bread,  with  one  train  of  thought  and  one  unvarnng  course  of  events,  the 
same  principle  imperiously  applies.  It  u  often  said  that  the  pleisures 
of  religion  arc  wholly  prospective,  and  to  be  reidized  only  tn  another 
world  ;  Init  in  this  there  is  a  mistake,  for  those  consolations  commence 
even  here,  and  temiHTihe  bittcmess  of  fate.  Tlie  virtuous  lal)Orer,iliough 
he  may  be  ground  down  with  the  oppressions  of  liis  social  condition,  is 
not  without  his  relief:  at  the  anvil,  the  loom,  or  even  tlie  bottom  of  the 
mine,  he  ii«  leading  a  donble  exiiitencc — the  minerics  of  the  body  find  a 
contrast  in  the  calm  of  the  ftonl,  the  warfare  without  is  compcnaatcd  by 
the  i)vace  within,  the  dark  night  of  life  here  serves  only  to  brighten  the 
glories  of  the  prospect  beyond.  Hope  is  the  daughterof  Despair.  And 
thuif  n  kind  Providence  so  overrules  events  that  it  matters  not  in  what 
station  wc  may  be,  wealthy  or  poor,  intelloetual  or  lowly,  a  reTngc  is  al- 
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ways  at  Iiand,  and  tlie  niiud,  worn  out  witli  one  thing,  turns  to  utotket. 
and  il3  physical  excitement  is  followed  Ijy  pliysicnl  repose. 

By  tliu  enlbrceineiit  of  the  observance  of  the  Sabbath  the  Churcli  gave 
ifiiiu«M.«  of  cflbct  to  this  prondential  systcin  of  physical  and  mental  re* 
pabiicworthlp.  ligf.  I  have  already  Raid  tliai  her  chief  strength  lay  in  this, 
tltat  she  concerned  herself  with  the  common  man,  who  never  in  tbo 
world's  history  before  had  had  any  to  watch  ovcx  or  to  care  for  him. 
She  humaaized  him  by  the  devotional  solemnities  of  a  sacred  day — ■ 
day  o^  entire  relief  from  toil.  Ignorant  and  rude  though  he  might  be, 
it  was  not  possible  for  him  to  enter  her  hoarj'  temples  without  beii^ 
made  n  belter  man.  The  atnioi^ptierc  of  rest,  tlie  twilight  streamiing 
tliTOugh  the  painted  windows,  the  prayer  in  an  unknown  tongue,  the  alow 
clianting  of  old  hymns,  or  the  swelling  forth  of  those  noble  stroiiu  of 
munic,  wliicli,  once  hc-ard,  arc  graven  in  remembrance  forever — these  she 
hod  mode,  with  more  than  worldly  wisdom,  the  elcmenta  or  incidents  of 
public  worflhi{i.  8be  gratified  the  maiUy  sense  by  asacrting  befon  Iter 
allAT  the  equality  of  all  men,  by  making  the  vain  and  Inuisitory  grada- 
tions of  society  disappear,  and  by  teaching  tlic  rich  and  the  poor,  the 
great  and  the  humble,  their  common  dependence  on  the  mercy  of  God. 
Ufiilef  her  powcjfid  influence,  inarticulate  Nature,  as  if  stjiellbonnd,  seem- 
ed to  acquiesce  in  the  tranquillity  of  the  tSabbath  day,  and  to  assutne 
ail  air  of  rust.  In  the  cottage  tliuy  rose  at  a  later  hour.  The  father 
cleansed  lumseif  with  more  thou  usual  care,  and,  if  it  was  tbo  custom 
of  his  country,  shaved  bis  face,  perhaps  tiadly  neglected  in  tlie  intcrren- 
iug  week,  and  dressed  hinittelf  in  bis  Wttor  clothing.  His  honest  pride 
found  a  gratification  in  tliu  neatm^sH  of  his  wifo  and  cltildreiu  His  table 
was  more  bountifully  suppliexl,  his  heart  humanized  by  tlie  grateful  re- 
lief from  labor,  and  the  »<Jciety  and  con%'cr»e  of  those  dearest  to  him. 
Physically  and  menially  he  rcsld,  and  by  that  rest  is  enabled  to  sustain 
the  cares  of  a  life  of  toih  It  is  not  without  a  reason  which  WB  may  torn 
to  our  profit,  tliat  the  Scriptures  have  placed  upon  listing  record  tltat 
the  Great  llcjul  of  the  C'hurch  has  taught  us  both  by  precept  and  personal 
fuumple  how  to  use  this  day ;  and  iliat,  for  the  Hake  of  the  ninny  gen- 
tumlioiis  of  laboring  and  weary  men  who  were  to  I'ollow  him,  he  indexibly 
resisted  every  attempt  at  encroacliment  upon  it  by  the  grim  bigota  and 
hypocrites  of  hia  time*. 

Though  Home  did  little  for  Europe  in  the  production  of  knowlodj,^ 
Tki  Ml  Uw  ^^^  *'"'*  served  its  interests  well  in  the  must  vital  respects. 
She  gave  it  her  system  of  laiv  aiid  her  religion.  With  the 
introduction  of  liumuii  usages  among  barbiirijins  came  the  Itoman  law, 
modifying  or  abrogating  the  existent  imperfect  polities.  To  a  consider- 
able cxt<mt,  its  spread  was  due  to  the  influence  of  the  eccleaiaslics  and 
the  wants  of  the  rising  municipalities. 


IXFlitBHCE  OP  THB  ASABft. 

Tho  inflacncc  exerted  by  the  Roman  empire  on  the  social  condition  of 
Enropc  in  the  two  |>articular8  to  which  reference  has  been  ,^^^^  ^^ 
miidc,  the  introdnction  of  the  civil  law,  and  the  ostablidh-  Moiumin*d*nt 
ment  of  the  Christian  Church,  occiured  in  the  period  of  its  ''"^'^P*- 
decline,  and  was  therefore  contemporaneous  with  tlie  spread  of  Moham- 
modanism  through  the  north  of  Atrica,  and  the  occupancy  of  Spain  by 
the  ArahB.  To  a  very  considerable  degree,  tlw  practical  character  which 
Emtjpcnn  thought  has  exhibited  in  latOT  centuries  is  to  bo  attributed  to 
the  Arabians,  who  have  jnstly  been  termed  the  founders  of  physical  sci- 
ence :  lor  though,  through  them,  iho  literature  of  Greece  wag  intio- 
doced  into  Westerii  Europe,  the  writings  of  Ariatolle,  for  ejcnmple,  being 
made  known  through  an  Arabic  trauulution,  tliey  imparted  to  what  they 
thus  gave  their  own  particular  impress.  Being  the  tirst  founders  of  or- 
ganized institulioHB  for  the  cultivntion  of  nif^dical  purBiiits,  anitwcring 
completely  to  our  modem  medical  colleges,  they  attached  to  those  pro- 
fessional studies  their  own  peculiar  methods.  It  was  therefore  in  this 
way  that  botany  and  chemistry  were  particuhirly  cultivated,  be-  xhe  Ai»u 
cause  they  were  regarded  as  the  foundation  of  Materia  Mcdica.  ^iiwi*. 
Humboldt  remarks,  that  while  the  Europeans  have  been  disposed  to  con- 
nect the  phyaicAl  acicnces  with  theology,  ihe  Arabians  connected  them 
with  meilicine,  and  that  tlut>ugh  their  medical  coU^s  they  ruled  the 
Christian  schools,  who  looked  up  to  Aviccnna  and  AvcrrDcs  as  the  great 
authorities  on  these  subjects.  The  most  important  applications  of  the 
mathematical  scicnnca  to  the  purjioitcs  of  life  were  m;ulo  by  the  Arabs. 
Of  this  it  is  suAicient  to  mention  the  introduction  of  the  notation  of  arith- 
metic and  many  instruments  of  navigation,  the  former  not  only  fur- 
nishing an  invaluable  aid  in  the  computationa  required  by  the  wants  of 
a  commerce  which  reached  from  the  north  of  Europe  to  Madagasatr,  and 
from  the  Atlantic  islands  to  China,  but,  what  was  of  even  more  import- 
ance, in  the  progress  of  mathematical  science  ilsdf,  the  tatter  tlirough  the 
aid  afforded  in  astronomical  obttervations  permitting  the  successful  ac- 
complishment of  voyages  in  aeaa  which  even  to  that  time  had  been  little 
frequented. 

It  would  extend  this  chapter  unduly  if  we  were  to  enter  into  any  dfr 
tail  of  the  special  contributions  of  the  ^Vrsbs  to  the  stock  of  £u-  j^nb  (U«aov- 
ropeau  knowledge.  It  may,  however,  be  briclly  remarked,  tliat  "*"*• 
we  owe  to  them  our  system  of  univurMit  orithmelic,  and  even  the  title 
under  which  it  now  paases,  algebra.  Their  discovery  of  the  strong  acids, 
nitric  sulphuric  and  also  aqua  rcgia,  constitutes  an  epoch  in  cheroistry. 
Tbo  aittivation  of  that  science  also  was  stimuhited  in  no  small  degree 
by  their  attempts  at  the  iransnmtation  of  the  baser  metals  into  gold,  and 
(he  discovery  of  the  means  of  indefinitely  prolonging  life — tl»  pliiloso- 
pfaer^a  stone  and  the  elixir  rita*.     In  the  science  of  optics,  the  work  of 
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Alluzcn  on  rffraclioii  dcmoastratce  their  cultivation  of  the  methods 
pU}rsic«l  cx]M>rimt-nl  and  observBtioii,  and  thrir  a|)|ilicalioti  ofihe  pcudu- 
lam  to  the  mcaaarement  ot'  time  is  even  yrt  ackDOwkdged  to  bo  the  most 
perfect  contrivance  for  that  pur))080. 

In  estimating  the  valuv  of  tUv  iiiducnce  w'hich  the  ^lohamuiedaiis  ex- 
erted upon  tlic  I£uio[)ean  mind,  we  recognize  iia  specific  eimUurity  tu 
duit  whidi.  ition;  than  a  thousand  yoam  belure,  bad  been  coniiuuaicatod 
(mm  ihe  echools  of  I^gypt  under  its  ilacedouian  kings,  and  uveti.  attU 
oenttihcs  before  thut«  at  the  time  of  the  op^^ing  of  the  Kg^'ptian  {)ortA. 
In  all  three  cams  the  tendency  imparled  veao  to  the  culti^'ntion  of  the 
physical  sciences,  then  in  their  infancy,  and  tliereby  to  the  incn.*aM  of 
tlie  material  power  of  the  race.  In  a  very  short  time,  inventions  which 
have  been  of  the  utmost  importance  made  their  appcarancv,  such  as  gun- 
powder, the  muriner'a  compass,  and  various  optical  iDstrutiients.  It  is 
of  no  moment  whether  tlicitc  were  inlntduced  by  titc  ciilcqiriso  of  the 
Arabs  from  Asia  or  whether  they  wc-rc  of  indigenous  origin ;  tlioc  can 
be  no  doubt  that  the  intellect  of  Knri>j>e  had  reached  that  peculiar  pha:ic. 
and  the  tendency  of  thoiiglit  was  in  that  particular  direction  tliat,  et-en 
if  tlnw  discoveries  had  not  been  communicated  from  abroad,  tliey  wootd 
rery  eoon  have  been  made  at  home. 

The  3Iohanim('dim  attacks  on  Euro|>a  were  rctxdiatcd  by  the  Crasadn. 
These  strange  wars,  into  which  the  white  race  plunged,  wefc 
instigated  by  the  Koroan  govortunent  toward  the  close  of 
the  eleventh  ccntory,  and  wci-e  followed  by  conseqncncca  which  their  pro- 
jectors never  expected.  Tbey  precipitated  Iwu-Uariim  Europe  upon  Asia, 
under  the  prvlensu  of  rescuing  tlio  Savior's  loinb  from  the  inlidel.  but  tn 
n'ality  to  keep  back  tlio  tliiuatencd  tido  of  iSaiucetiic  iuviuiiun,  and  to  di- 
vert from  Italy  the  restless  military  spirit  llmt  waa  every  where  engen- 
dering. No  other  motive  than  the  one  thus  ostensibly  put  tbrth  coulil 
have  brought  tlic  ferociously  iiidc|>endent  hordes  of  Europe  to  act  to* 
getlier.  It  had  been  well  if,  in  ancient  times,  the  emperors  li&d  been  in 
possession  of  so  usct'ul  a  device ;  it  might  have  saved  the  city  from  some 
sieges  ami  sacks.  As  it  was,  tlio  tiirbutent  stream  was  tltrown  upon  the 
li^'xanliiic  monarclis  to  their  utter  perplexity.  Tho  Saracens  received 
it  \vith  amajtement.  The  ostensible  causes  which  liad  act  in  motion  suofa 
a  countless  rabble  of  stupid  bai'barians  were  absuluteJy  incomprehensi- 
ble by  them.  In  their  invasions  of  Kuropc^  they  lud  carried  the  light 
of  such  science  us  thi^y  possessed^  but  in  tliis  counter  invasion  of  Asia 
ihoy  were  repaid  with  the  most  besotted  ignorance. 

The  Cnisadtn-ti  found  that  the  inlidel  they  tutd  como  so  far  to  encoun- 
Iniaennvfiiie  ***  without  provocation  waa  valiant  and  poliahod.  in  many 
CraMdMon  cs.>4es  merciful  and  just.  Thior  ideas  of  the  Asiatics  under* 
^*™**"  went  a  great  change  after  tbey  liad  beeu  iti  contact  with 
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tbem  for  a  time.  Thone  who  lived  to  return  to  their  homes  &om  the 
successive  cKpe'titions  spread  abroiul  a  more  enlarged  and  correct  con- 
ception of  Oriental  coiintrtcs,  events,  and  luen,  the  inBuence  of  which 
was  not  lost  to  civilization.  In  his  Imprisonment  in  tJic  fortress  of 
Dietstoin,  the  lion-hearted  liichard  of  Kngland  douhllcaft  retlcctnl  that 
there  was  more  honur  in  the  iiitidel  Saladin  than  in  many  a  Chrislian 
king.  It  has  not  eacaped  the  observation  of  hiatorious  that  the  frcqaont 
commtuiication  which  thc^e  c\-enta  cdtahlishcd  between  all  part.i  of  Kd- 
rope  and  tlic  Italiart  court  served  often  to  disturb  the  sentiment  ot' piety. 
The  visitors  at  Itonie  saw  tilings  which  had  been  better  couceidcd.  Their 
nnalleeted  simplicity  wua  aliouked  by  the  di.isipstion  and  immuralitics  in 
high  places.     They  carried  the  Hliameiul  gtory  to  their  homes. 

Among  the  unexpected  and  lasting  advantages  arising  bom  the  Cm- 
radcB,  not  one  of  which  had  been  contcmjdalod  by  the  Ilal-  jvdvantiww 
ian  court,  may  Ix-  (iiium'C-rntcd  more  cnUriroil  and  lilxral  views  ikrivcO  tnat 
of  fbreigti  nations,  and  the  importation  of  Asiatic  discoveries. 
From  ihc  remote  parts  of  thiit  eonlincnl  embaAsadors  came  to  Italy,  and 
eaterprising  Euiojiean  traveler*,  like  Marco  I'olo,  wandered  in  return  all 
over  it.  In  this  manner  the  knowledge  of  tJio  mariner 'a  compass  was 
obtained.  From  liaving  IciimC'd  to  employ  their  hIuji?  in  warlike  expe- 
ditions, Uio  Wcalern  nations  were  induced  to  enter  on  that  career  of  mar> 
itinie  commerce  which  soon  led  them  to  the  dUcovcry  of  America  and 
the  dotthlmg  of  the  Cape  of  fiood  Ib)|io,  nnd  which,  in  tliese  limes,  con- 
stitutoa  tlie  chicrfcatiirc  of  ihcir  lite.  Trade,  wliich  untU  tlicu  had  been 
overland  or  terrestrial,  became  maritime— a  change  important  to  the  last 
decree,  since  it  eventually  gave  rise  to  the  prodigious  development  of 
manniactiiring  indutttry.  Heavy  masses  of  goods  can  nei'cr  be  inms- 
ported  by  caravans,  though  they  can  easily  in  ships.  The  geographical 
value  of  countries  was  changed.  I'-gvpt,  for  instnnce,  lost  hor  i*osition, 
not  to  be  recovered  again  until  tiic  invention  of  the  locomoiive,  which 
will  restore  land-trans^tort  to  its  former  stale.  Wealth  jKmred  into  the 
maritime  states,  and  markets  were  sought  for  all  over  the  globe.  More- 
over, the  separate  prtriici|Mi]ities  and  kingdoms  were  taught  to  act  in  uni- 
•on,  and  the  idea  of  £urope — united  Kuro|ic — waa  made  manifest.  As 
a  present  advantage  was  realized  tlie  downfall  of  the  feudal  system,  and, 
as  a  direct  consequence  thereof,  a  redistribution  of  the  popnlation.  To 
this  system,  in  its  tlounshing  period,  some  have  been  disposed  to  impute 
niftny  benefits — tliat  it  originated  onr  domcatic  manners,  gave  birtli  to 
tito  sentiment  of  loyalty  and  honor,  cherished  independence,  and  elevated 
the  female  sex ;  but  these  arc  misconccptioud  or  exa^cralions.  lu  the 
last  particular,  the  advancement  of  women,  the  merit  is  strictly  doe  to 
theClmreli;  for.  had  there,  l>een  no  other  reaflon,  the  universal  preva- 
lenve  of  jlartolalry  throughout  Clirialendom,  by  dttfusing  a  most  accc]>t- 


632 


SPANISH    DIBOOVKRT   OV  AMERICA. 


able  and  cvtn  adorable  imago  of  temale  lovdineu  and  virtne,  would  have 
IqA  Id  thut  result. 

But  far  exceeding  the  Crusades  in  ofU-c-t,  more  distinct  in  its  origin, 
pi^^j^^^^^j^  ^  sinco  it  directly  n-HtJlcd  I'ruiii  the  tono  of  lliought  wbicli  the 
Araerim  hj  Araba  bad  iiitrudu(-\?d,  lasting  in  tite  intluenco  that  it  ban  ex- 
^  erted,  and  will  forever  exert  on  the  destinies  of  tbc  wbite 

race,  was  the  discovery  of  America  by  the  Spaniardd  in  1492.  This  con- 
tinent, four  huniin-d  ycjirs  before,  had  l)ccn  visited  repeatedly  by  the  Ice- 
landers and  Norwf^iis ;  but  tbe  shores  tbey  discoi-ered  beii^  leas  ho»- 
pitable  and  less  teniptjiig,  their  expeditions  unsupported  by  a  poweriul 
Lome  govemmeut,  and  ihc  results  little  attractive,  the  Ter}'  remembrance 
of  tjiem  seems  almost  to  liave  passed  away.  Had  it  not  been  for  the 
magnetic  needle,  and  other  instrumeiils  of  navigation  introduced  frora  the 
East,  the  passage  of  the  trupi»d  Atlantic  could  never  have  been  accom* 
pUshcd,  and  probably  would  never  have  Iicen  attempted.  Moreover,  we 
must  not  overlook  tlie  fact  that  the  rapid  coiKjucsts  of  the  Saracens,  and 
even  the  Crusades  themselves,  had  introduced  a  lar^reness  of  concepticm, 
and  bad  familiarized  the  public  mind  with  undertakings  to  be  aocom- 
pliahcd  in  n^ions  that  were  very  remote.  Tbe  eucoossful  return  of  Co- 
lumbus from  his  tirttt  voyage  found  all  Karo])e  ready  to  rush  into  West- 
ern enterprises,  and  ttiis  event  may  be  truly  regarded  as  a  grand  epoch 
in  tlie  history  of  the  white  race,  since  it  more  than  quadrupled  the  geo 
graphical  surface  over  which  they  might  spread,  and  presented  to  tlteir 
[umiulested  occupation  climates  Irom  the  e<]nator  to  the  extreme  nortb 
and  south. 

In  tlie  prodigious  emigration  that  ensued,  Spain  led  tlie  way,  and  did 
ColniUl  «n-  «<J  to  hej  ruin.  In  vain  she  received  and  scattered  over  Eu- 
pinor^aiB.  fopp  tiig  wealth  of  Mexico  and  Fern;  she  gave  in  exchange 
for  it  what  was  to  her  of  infinitely  more  value — the  most  cntcrprisirip 
and  lintvest  of  her  people.  The  tirain  of  this  class  produced  an  effect 
from  which  she  has  never  recovered.  It  left  her  witlioat  energy  and  im- 
becile. In  Tain  she  founded  a  greater,  and,  for  the  time,  more  prosperooa 
colonial  empire  than  history  has  ever  recorded,  carrying  her  influeooes 
through  a  large  i>art  of  South  and  much  of  North  America,  firom  the  At- 
lantic to  the  Pacific  Ocean.  Her  emigrants,  unable  to  withstand  the  in- 
fluences of  a  tropical  climate,  and  tniormarriagcfl  and  connej;tions  with 
the  native  races  among  whom  they  were  thrown,  soon  lost  the  enterprise 
that  had  once  distinguished  them,  and  the  descendants  of  the  Spnoiard 
in  America  exemplify  at  this  day  the  universal  imbcciliQf  that  is  cxliib* 
itcd  in  the  mother  countrj*. 

In  her  pursuit  of  the  wealth  of  America  Spain  was  a  fearfitl  oppreas- 
Tbc  fait  of  iho  or.  Bartholomew  de  las  (^sos,  the  Ilisbop  of  Chiapa,  to  tiae 
S|.»nUi.  poww.  ]^  Q^„  expresiiiou,  ciiarged  her  *'  before  the  tribunal  of  the 
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Universe,'*  with  dcBtioying  more  than  fifteen  millions  of  nalivcs  Juring 
his  time.  "  The  acrimony  of  his  style  was  complained  of.  but  the  fact 
was  never  denied."  No  nation  cjtn  practice  such  atrocities  with  impu- 
nity. The  day  of  reckoning  may  be  a.  little  postponed,  but  it  brings  its 
inejcorable  verdict  in  the  end.  The  broad  hand  of  an  overruling  Plrovi- 
denoe  is  at  last  plainly  discovered,  importing  witli  an  unerring  justice  the 
penalty  of  national  crime.  There  is  no  need  for  God  to  luislen,  he  bos 
the  centuries  and  eternity  to  work  in.  Kven  now,  is  not  the  Spaniard  in 
tlie  hands  of  an  avenger  for  the  Indian  blood  tliat  cries  for  retribution 
from  the  silver  mines  of  Mexico?  For  the  failings  of  the  individual 
there  is  mercy,  but  in  the  ways  of  ctcmsl  justice  no  mediator  is  provided 
for  the  crimes  of  society.  There  Is  an  iuileJiiUe  recompense  of  good  for 
good  and  evil  for  evil. 

The  step  which  the  intellect  of  the  white  man  has  made  since  the  Ref- 
ormation is  very  strikingly  di&ccnicd  by  compnring  the  nat-  xheUwrmw. 
ural  philosophy  of  the  fifteenth  with  that  of  the  ninelcenlh  ccn-  ul  fhwufw  jn 
tury.  Its  pattfisge  to  its  present  condition  has  been  mark-  '*' 
ed  by  a  continual  casting  away  of  the  marvelous.  It  is  almost  impossi- 
ble for  us  now  to  realbsc  the  fictiona  which  occupied  the  mincls  of  our 
predecessors.  To  jienelrale  "the  secrets  ofnatnre"  is  with  us  a  meta- 
phorical expression ;  with  them,  a  portentous  and  solemn  reality,  most 
readily  accomplished  by  the  help  of  familiars  and  imps,  whose  services 
might  be  scciirwl  by  forbidden  *'nchantments.  The  laboratory  of  an  al- 
chemist was  ill  funiishcd  which  did  not  pottsess  in  the  shape  of  an  no- 
gainly  ami  deformed  dwarf  such  an  aid,  and  who,  if  not  the  incarnation 
of  a  cle^'il,  wa-s  at  least  possessed  by  one.  Operations  tor  the  discovery 
of  the  philosopher's  stone,  the  powder  of  projection,  and  elixir  of  life, 
were  necessarily  commenced  by  exorcism,  invocations,  and  a  favorable 
aspect  of  astrological  combinations.  Tln-re  were  seven  jilancts,  and  also 
seven  metals,  and  the  guiding  spirits  which  resided  in  the  former  exer- 
cised their  influence  over  the  latter,  com muiiicn ting  to  them  their  specific 
Tirtues.  The  exprcAinons  have  lost  their  signiticancc.  though  thoy  ha>'e 
descended  to  our  times,  when  we  call  a  certain  metal  mercury,  and  a  salt 
lunar  caustic. 

Ah  3Ir.  Disraeli,  in  his  "  Curiosities  of  Literatnre,"  remarks,  whoever 
had  been  a  witness  of  the  niirni;h'«  of  these  philosophers  might  well  be 
prepared  to  believe  any  of  their  declamtions.  He  who  had  visilrd  the 
dark  chamber  of  Baptista  Porta,  and  seen  with  his  own  eyes  its  fairy 
but  inverted  Iandiicft])c«,  its  fields,  and  rocks,  and  rivers,  and  the  moving 
forma  of  men  and  animals  in  their  proper  colors  and  indescribable  charm 
of  light  and  shade,  the  clouds  and  sky,  the  magical  s|iectree  of  thingi 
which  the  fingers  could  not  grasp,a  |)crfcct  but  ariificial  day-dream,  migbt 
sorely  teel  justified  in  also  believing  in  the  enchanted  mirror  upon  which, 
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if  a  mao  looketL  he  would  tiiid  reBec-ted  all  tbe  future,  uvcnta  of  bis 
Uti  who  had  Bwn  tiie  phontaitmagoria  cast  upon  smoke  iu  these  m^c 
rions  Joboratories,  now  so  little  that  the  eye  could  scarcclT  diflcem  tlidi 
form,  and  now  expanding  to  a  gigantic  fltaiure  and  rushing  forth,  was' 
duly  prqiared  to  credit  the  legends  of  brazen  men  who  could  speak  and 
even  prophesy,  nay,  whose  limbs  would  continue  to  grow  unless  the 
mon  that  poasessod  them  was  cast  out.  A  ^nal  of  that  which  wq  okU'^ 
amniotiiu,  the  lucre  giiieUiii^  of  whiuh  can  recall  one  trom  a  swoon,  was 
a  very  *air  canicat  of  tlio  elixir  oi'  litis.  So  prodigy  was  loo  great  to  he 
believed.  As  in  drcaiud,  nothing  wns  loo  impossible,  nothing  too  cor 
tradictory.  Hen  who  could  make  themselves  invisiblo  even  without 
romantic  aid  of  a  ring;  inconibuiitiblo  sages  wlio  could  waali  tlteni«elv< 
in  melted  copper,  and  «iit  at  their  eaac  in  flaming  straw ;  ak-hemists  h 
poweaaionof  thephilu^pher'it  stone,  but  thoiratomachsaa  empty  as  theli 
beUows ;  muidtM  carrying  about  fairioa  tihut  up  in  glaaa  vials,  into  whicli 

iioai  di»«>-  ^^y  ^^  ^*^*''  decided  hy  distilled  dew ;  BaUunanders  whit 
>or<:r*-  had  been  engendered  in  a  fire  maintained  withont  ever 

ing  out  for  forty  years ;  a  rain  iu  Egypt  in  wliich  there  falLj 
multitudes  of  little  men  of  kos  than  one  fipau,  cloth(<d  in  black  garment 
and  with  mitres  like  bishops :  these  were  all  fiicta  in  the  philosophy  ofl 
that  day.  The  cjtploxions  and  chokixlamp  of  mines  were  not  di^entaa-J 
gled  from  gpectres  and  faces  of  abominable  appearance  which  had 
aeon  in  thoM;  aubtcrrancan  snUtiideti  by  numberless  witm-rifici«  until  ihe^ 
dawn  of  pnuuniatic  chnmiatry.  The  jioUngcneais*  or  resurrection  of  rose* j 
and  apparitions  of  Howers,  so  acceptable  in  doctrinal  theology,  conlinu 
to  be  reouved  until  crj*stallogm.pliy  was  cultivated.  These  wonders  liav«1 
all  i)aascd  away. 

The  citaraclcr  which  marks  this  change  is  the  gradual  dropj^ng  of  i 
lory  and  the  supernatural.     The  same  career  is  followed  trom  iutancy  to 
maturity,  both  ui  Uio  individual  and  iu  eocioty. 

It  is  not  necessary  to  purauo  any  further  tlus  liislorical  onthitc  It] 
woold  bring  us  to  events  which  can  scarcely  be  spoken  of  with  n>rrpct*1 
ness  and  impartiality,  on  account  of  their  oeamcss  to  our  own  time*.] 
Here,  therefore,  wc  may  pfui^e^to  colloct  such  inferences  and  present  such] 
rcHections  as  the  facta  we  liave  offered  suggest. 

It  may,  then,  bo  obfiurved,  that  the  old  white  inliabitantn  of  ICurope' 
Pbyiioloekai   *'^^  *****  "^'^  *°  coninicnce  their  civilization  from  tlicir  own, 
(taiiR*  rf  Eu-  interior  resourcea,  but  were  Ikromi  into  thai  career  by  the  cx- 
"''**''*  ample  and  aid  of  a  mon;  t^outhom  and  darker  pciiple,  whosoj 

climate  was  more  favorable.     The  arliticial  change  which  spread  by  de-j 
grocs  over  Kuro{>t\  llirougli  the  introiluction  of  more  comfortable  modes 
of  life,  at  last  compeniwtc*!  for  the  natural  climate  defect,  and  the  Earth- 
pean  entered  on  tlic  course  of  advancement,  undergoing,  as  we  have  flfgtt 
in  the  kst  chapter,  a  pliysical  as  well  as  a  mental  change. 
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Contemporaiieoiia  with  the  commencement  of  this  pliysiQlogicftl  Mid 
paVL-iiical  cluuigi^  wiw  the  introduction  ol"a  ruetlioil  ol'rucoril  b,^,i,  of,|„ 
by  writing,  which  at  oncu  aiilo<l,  in  the  most  markoil  tnniuter.  imrwiuriknaf 
the  <li?5eminalioii  of  ihiH  improving  condition,  ettpccially  hy  """"f' 
l<^ing  to  the  consoHdntion  of  society  tluoiigb  tho  iutioduction  of  durablo 
systems  of  law.  By  tliifl,  the  influence  of  men  and  of  generations  was 
indcliDilcly  extonde<l.  Tlic  opinions  and  thonghts  of  those  times  have 
actually,  in  miiny  iostances,  descended  to  us.  Elsewhere  we  have  dwelt 
on  file  fact  tJiai  these  e£Eects  m  tho  progresit  of  huniuuily  are  foreshadow- 
«i  and  iUustrated  in  tho  coarse  of  individual  dc^'elopnienL  Aliigh  pny- 
rJiicol  condition  demands  as  its  essential,  both  in  tlie  individual  and  in 
the  race^  a  mcchaiiiHin  of  registry. 

From  the  prece<ling  im|icrfcct  narration  we  may  moreover  gather  tlial 
the  progi-ess  of  civilization  in  Europe  has  not  been  in  the  way  CentKvrinul. 
of  a  dirtusion  from  a  central  point,  but  tliat  there  hna  been  a  ^"^'^  urEunnMk 
shiftily  of  the  centre  of  intellect.  For  a  length  of  time  it  was  in  Grevcc; 
then  it  passed  to  Italy  :  in  our  times  it  is  still  more  to  the  we«t.  In  a 
idiilosophical  resjKX't,  the  result  of  JVIohammedouiam  on  Europe  lias  been, 
tbrou^  the  introduction  of  physioid  acicnco  by  the  Arabiuos,  to  coalesce 
the  centre  of  intellect  and  the  centre  of  fonx>.  Ib-ncefurth  upmt  tlut 
continent  physical  power  must  be  Hubordmate  to  intcllectnal. 

In  this  we  see  what  is  the  trne  intcrj^retation  of  the  influence  wlucb 
Mohammcdmii^ui  has  exerted  on  KurDpe~au  intluence  which.  E4IWtorMo. 
though  popularly,  is  very  unworthily  reprvseutcd  aa  an  oo-  li"«»aie4«iitaB 
capation  of  Spain  for  a  few  centuries  and  the  capture  of  Con-  arinMiM:!  of 
Ktantinople.     Xu  truth,  it  was  of  a  far  higher  and  vert'  dif-  Eunij«. 
Icrent  order.     The  Koran  of  the  Ambtana  failed  to  make  its  way  through 
Europe-,  but  it  was  very  dift'erent  with  the  physical  science  of  tlie  Araiii- 
ans.     It;9  spread  was  the  tnie  foundation  of  niodom  national  power,  for 
it  at  once  occupied  itself  with  the  development  of  material  resources  and 
the  introduction  of  uBcful  inventions.     The  manner  of  thouglit  it  engen- 
dered Ues  really  at  the  basis  of  the  great  intellectual  eontroversy  of  oar 
limes.    The  translation  of  the  centra  of  intellect  fnnn  Italy  to  the  West 
id  tho  Icgitiiiiatu  issue  of  tho  Mooriii^h  invasion  of  Spain. 

As  regards  that  propensity  to  the  decomposition  of  every  thing  into 
it4  constituent  elements  winch  is  tlic  tendency  of  the  Euro-  BMuiiofiiw 
pean,  fliough  douhtloss  it  han  its  diiindvaiitagcs,  wo  arc  not  ^'^''-'^'^^^JT 
to  sup|)08e  that  it  leads  of  necessity  to  an  intellecluul  chaos.  i«p«n  wbtd. 
Those  authors  who  view  with  dittmoy  our  present  state,  who  repn'Mint 
us  as  tliough,  both  in  polity  and  religion,  we  wcfc  ciumbling  to  pieces, 
and  tliat  the  muliipUcity  of  opinions  and  sects,  which  are  ever  on  the 
increase,  is  the  prccur.'uir  of  a  nniversal  anarrhy.  Iiave  never  duly  con- 
sidered titat  out  of  such  a  state  it  is  possible  in  an  instant  for  lixcd 
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principled  of  onl«r  to  etnci^u,  and  iliis  not  by  any  process  of  cotnpi 
or  snppressjorit  but  Hpontaneoosly  id  the  natural  course  of  events, 
the  outset  of  this  brief  historical  doscription  I  have  ollodcd  to  tlte  adop- 
tion of  alphabetic  winting  in  Kurop^*-  tut  a  signal  iilnstration  of  the  mental 
pecnliariiy  of  the  inhabitants ;  this  may  alao  serve  to  make  cl«ar  the 
paradoxical  assertion  that  systems  founded  on  indctinite  8DbdIvi6i<ni 
may  suddenly  free  theinBclves  from  complejtity  and  become  simple  ind 
persptcuoQS.  On  a  superticiai  consideratiou  of  the  thing,  one  might  ita-, 
aniline  tliat  to  docomposo  aiticulalc  sounds  into  thoir  cnnRtitucnt  syllable 
n'itli  a  view  of  teprcscnling  those  syllables  l>y  symbols,  woidd  be 
tended  with  a  prodigious  complication,  and  that  such  is  the  case  the  CI 
neae  have  found,  who  have  pursued  this  ])lan  in  its  details  nntil  it 
said  that  their  alphabet  contains  H0,000  letteni ;  but  still  more  would  it 
be  supposed  that  if  those  i^yllables  were  in  their  turn  decomposed  into 
their  constituent  parts,  tlio  retjuired  elements  would  be  utterly  umium- 
ageablo  by  reason  of  their  number,  and  the  art  of  writing  utterly  impnic* 
ticablo ;  yet  do  we  not  lind,  on  tlic  contrary— «nd  it  may  be  an  insti 
ivo  lesson  to  iia — that  when  the  decomposition  ia  tlms  pushed  to  its 
trcme,  in^trad  of  myriads  of  cbaractcra  being  required,  as  we  miglit  ha\ 
plaii.<«ibly  rxpoctrd.  an  alphaliet  of  30  or  8<)  Icttent  is  all  we  want  ? 
state  of  opinion  tn  Europe  it)  illustrated  by  the  state  of  writing  in  Chii; 

Id  view  of  tho  ^ts  presented  in  thin  and  the  foregoing  chapter, 
may  come  to  tho  general  conclusion  that  the  extremes  of  humanity,  wliict 
are  rcprcsejited  by  a  prognatlious  asi«'ct  and  by  a  oomplexion  either  ver 
dark  or  very  fair,  are  equally  unfavorable  to  intellect,  which  reaches 
greatest  perfcrtion  in  the  intermettiate  phaao;  that,  even  in  the  conditk 
which  was  presented  by  the  inhabitants  of  Eurojie  three  thonsand  y 
ago,  no  advance  in  civilization  was  possible,  save  by  first  accomplishing 
Condition*  of  ^^  ahsolute   physical   cliange  in  their  conMitution   thri3U| 
BnvpMiiim-  moditications  in  their  habits  of  life  equivalent  to  a  true  cii 
'""*"*"**     mate  change — a  preparation  for  a  higher  mental  developmet 
by  an  amelioration  of  their  condition  of  life. 

The  civilization  of  tho  Kuropean  could  never  have  been  accomplished 
save  by  preparing  the  way  through  such  a  physical  cliange.  It  followed 
that  change  in  the  manner  that  eflect  follows  its  cause.  Its  incident  was 
the  transformation  of  the  fair  race  which  then  occupied  all  Europe  to  an- 
other of  a  darker  hue ;  the  extinction  of  tlie  disappearing  people  not  be* 
ing  accomplished  by  such  means  as  an  extennination.  after  the  manner 
in  whicl)  the  Nonh  American  Indian  ia  dying  out,  but  by  a  slow  and  true 
metamorphosis  into  anDthei-  form. 

Advance  in  civiUzation  tnkea  place  during  such  a  metamorphosis.  Asia, 
Si«Uoi«ry«oii-  which,  at  an  eariy  period,  must  have  exhibited  a  mental  de- 
velopment of  great  r^idity,  has  long  ago  become  statiotuirv. 
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In  her  physicnl  Hie  there  is  no  change,  and  hence  none  in  lier  intcUect- 
ual.  Her  wandering  central  tribes  enc&mp  on  the  steppes  in  the  S4ime 
felt  huts  that  their  ancestors  did  two  thousand  yean  ago ;  her  southern 

jplc  never  vary  their  cixstoms.    Tliat  which,  in  a  philosophical  respect, 

tlic  most  important  condition,  domcjitic  economy,  has  undcigone  uo 
kind  of  modi fica lion. 

But  with  us,  how  diflVrcnt !  The  hardships  of  life  have  to  a  vcrv  great 
extent  been  removed,  and  we  are  familiar  with  a  degree  of  comfort  to 
which  our  prciicccssorfl  were  wholly  strangers.  Not  that  we  have  been 
freed  from  all  trials ;  it  has  only  been  an  excliange  of  bodily  suiieringa 
for  mental  anxieties.  Our  higher  condition  lias  created  new  wants  and 
new  sources  of  pain. 

With  the  transfonnationa  tlurough  which,  as  a  raec,  we  have  passed, 
and  with  the  assumption  of  that  analytical  mental  eharacte-r  AiivanURw 
to  which  I  have  rtTferrcd,  (here  Jia^i  Itet-n  gained  a  capahiliiy  ■'"i"i; 'f^' »n 
of  indefinitely  modifyiiig  our  state,  and,  tlicrefore,  of  improv-  n>|.ni«i  n,iMti- 
ing  it.  It  is  this  which  pre-eminently  distinguishes  the  Eu-  '""""■ 
ropeaii ;  that  whatever  scientific  discovery  ho  makes,  or  whatever  inven- 
tion occurs  to  him,  he  forthwith  applies  it  to  economic  advantage,  and  is 
thereby  peqietually  impressing  a  change  on  his  own  state.  In  this  re- 
spect, even  a  single  generation  often  suliiees  to  show  the  advamn^s  which 
are  made.  We  have  only  to  recall  the  greatly  improved  means  of  loco- 
motion;  the  instantaneous  transmission  of  intelligence  through  many 
thousand  miles ;  the  development  of  industrial  art,  and  the  rendering 
available  mechanical  powers  for  many  new  purposes,  which  have  be«ii 
achieved  in  less  than  a  single  centurj-.  Nor  does  there  seem  to  be  any 
poaeiblc  limit  to  human  advance  in  tliis  path. 

Since  thus  the  mind  of  tlio  Kuro)>can  is  essentially  analytic,  iiis  ad- 
vance in  civilixation,  as  it  were  in  a  geometrical  progression,  is  the  neces- 
sary consc<|uencc  thereof.  If  we  examine  his  career  in  subordinate  par- 
ticalara,  it  illustrates  equally  his  mental  physic^omy ;  it  is  the  aame 
whether  we  look  to  his  passage  in  philosophy,  science,  politics,  or  religion. 
If  1  may  Le  permitted  without  oflTonse  so  to  say,  his  divergence  from  ■ 
sing^  form  of  faith,  the  springing  up  of  those  numberless  denominations 
and  sects  which  constitute  the  most  observable  feature  of  his  present  re- 
ligious state,  is  a  result  which  he  can  not  help,  for  it  is  the  consequence 
of  hia  organization.  'I'liings  which  were  possible  in  the  eighth  ccniun* 
had  become  imposaibk*  in  the  new  state  of  the  sixteentli.  And  bo,  too, 
it  is  in  his  political  relations. 

Herein  constats  the  suixiriority  of  the  analytical  over  the  aynthetical 
mind.  To  the  work  of  him  who  pulls  to  pieces  there  is  no  end,  but  be 
who  puts  things  together  comes  to  an  end  of  hia  task. 
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Autoiuiila,  iii*«cts  iuv,tiiK>. 
Aiiiontntii'  iltc.  'i77,  288;  ngiatwiog,  XBl. 
AwkAcniii^  &ij3. 
AJunMin  on  iicnc^  St'i9. 

B. 

Bjuwk,  Boon,  68&. 

Bahiie*  between  hudag  and  cooling,  144*. 

Bvtaariem.  6fH. 

BMmlon  f'»»l  iliorilMitiun.  89. 

Bntilar  rk-v  of  >knll.  Mi. 

BCMtDMMIE  OH  fowl,  04. 

Be«)flerel,  iaMs  tram,  8S. 

Bee,  funuaiiou  uf  fal  I>t,  348. 

lk«C  diRvstlbitity  of,  05. 

BcU.  diwoTwioi  of;  sap,  Sa8,  SIS. 

ItoneU  OD  hMidul  iltM,  Sfi. 

llcnuud  on  dttftniion.  7A ;  on  fst,  71 ;  on  mU> 

vs,  IVtl;  r>ii  li>ur-!<iiiinT,  20d. 
Somuqitli,  jiritH-il'lo  of,  Wi, 
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Berzelius  on  Ucdc  acid,  75;  on  perspiration, 
'240. 

Bibra,  Von,  on  brain  fat,  27*. 

Bidder  on  albuminates,  39 ;  on  section  of 
]iQeuinO}castric,  54. 

Bidder  and  Schmidt  on  intestinal  joice,  69 ; 
on  bile,  70 ;  table  bv,  70. 

Bile,  secretion  of,  70,1 10,  202;  composition 
of,  204;  funned  from  venons  blood,  110, 
803  ;  sources  of,  202  ;  aids  in  introducing 
fat,  91  :  spiral  course  of,  201 ;  change  hy 
retention  of,  205  ;  period  of  maximum  flow 
of,  205  ;  not  fonned  in  the  liver,  206 ;  man- 
ner of  removal  of,  206. 

Bipolar  nene-cell,  264,  268. 

Bird,  digestive  tract  of,  58 ;  respiration  and 
heat  of,  159;  talking,  352. 

Bishop  of  Chiapa,  his  accusation,  632. 

Blaclf  pigment,  S87. 

Black  Sea  trade,  619. 

Blastodermic  vesicle,  524. 

Bligh  on  Fela^pans,  580. 

Blood,  111;  properties  of,  112;  composition 
of,l]2;  toul  amount  in  body,  113;  coag- 
ulation of,  113 ;  bufij'  coat  of,  114;  changes 
produced  in  bv  respiration,  120,  126,  134; 
excretion  of  carbonic  acid  from,  126,  167  ; 
changes  of  color  of,  169  ;  density  of,  169 ; 
salts  of,  124;  gases  of,  125;  functions  of 
constituents,  126  ;  coarse  of,  134 ;  distribu-  | 
(ion  of,  144;  glandular  change  of,  190.        I 

Blood  of  spleen,  212.  | 

Blood-cells,  form   of,  115;    constitution   of,: 
118;   origin   of,  94,  115;    destruction   of, 
^0'.);  iniTcaseof,  125;  diminiuion  of,  126; 
short  life  of,  127;  cliiinKCs  iu  form,  117; 
tell  wrtll  of,  is  fibrin,  117. 

Illoiid,  colorless,  corpustleti  of,  115,  120. 

Blood  (.rv-sliils,  1 19. 

BKHidlctiiiig,  reduction  of  temperature  bv, 
1«4. 

BliMHl-vessels,  origin  of,  538. 

IMunR'nbiich's  nielliod  of  examining  the  skull, 
.".82. 

Bone,  2.'>3;  soiircesof,  257;  composition,  254; 
griwih  of,  256. 

Huniio,  177. 

Bou-Nin^rault  on  expiration,  39 ;  on  gum,  72  ; 
i>ii  fat.  ;t*.),  229. 

Hovi^iu  fiijiiinteum,  88. 

lliiuiuan  on  kidney,  223. 

Bnihiiiin,  573. 

Hniin,  ;tl3.     See  Cerebrum  and  Cercliellnm. 

Uruzeti  niun,  ti'M. 

Bnad,  33  ;  use  nf  butter  on,  34  ;  mfiking  of, 
illustniics  dijicstion,  78  ;  sets  free  alcohol, 
711. 

Ilreiitli.  the  first,  148. 

Breiitliing,  net  of,  15G. 

Etriiilit  on  |iiincreus,  71. 

[truni'liiiil  tiLl)CS,  15!). 

Bi'uwii-Sei|nard  on  muscle,  443 ;  on  rigor 
njiirtis,  4.53  ;  on  S|iinnl  <'0n],  2119. 

Brucliiiiiii,  ijardcns  of,  621. 

Bud.  its  nature.  469. 

Budiliii^',  4(;'.>,  .');t."i :  rcprndHction  by,  495,  535. 

Butl'un  on  infancy,  539. 


BnfPrcoat,  114. 
Burning  lenses,  461. 
Butter,  making  of,  31. 

C. 

ClLIFOKWIAirB,  676. 
Calorific  hypothesis  of  vision,  699. 
Calorifacient  digestion,  68. 
Camelopard,  491. 

Camera  obscura,  881. 

Camper's  method  of  examining  sktlUs,  £81. 

Canalicnli,  253. 

Canals,  semicircnlar,  376. 

Cape  of  Good  Hope,  discovery  of,  34, 681. 

Cape  Uyrax,  stomach  of,  69. 

Capillari  Vessels,  89,  141,  160;  move- 
ment of  blood  in,  145  ;  of  muscle,  459. 

Capillary  absorption,  103 ;  attraction,  1(M ; 
propottitions  respecting,  106;  motion,  181. 

Capillary  circulation,  142 ;  phenomena  trf, 
145;  in  acardiac  foetus,  144;  in  asphyxia, 
145;  local  excitement,  144. 

Carbohydrates,  71 ;  turn  into  fat,  81 ;  make 
up  deficit  of  albiunen,  39. 

CarTtonic  acid  excretion,  164;  sonrceaof,  164, 
252  ;  introduces  oxygen,  165 ;  decomposed 
by  light,  461. 

Care  in  us  mien  as,  510. 

Career  of  man.  612 ;  of  organic  form,  456. 

Carnivore  consmne  themselves,  36 ;  fibrin  erf" 
their  blood,  123 ;  find  fat  in  their  food,  248. 

Carp,  lung  of,  157. 

Carpenter  on  nenons  system,  259 ;  on  sen- 
sorium.  319;  on  analogj-  between  spinal 
and  ventral  cords,  307;  on  generation, 
587. 

Caskix,  30,  31,231;  pre-exists  in  plants,  36 ; 
ehimgcs  into  fibrin,  35  ;  dissolves  phos- 
phate of  lime,  35. 

Custle  buildin;:,  330. 

Cutunienin,  519.     • 

Caudate  vesicles,  204. 

Causes  of  f^lcep,  5;)2. 

Cklls,  ]iriniordiat,  4,58  ;  simple  and  nucle- 
ated.492;  animal,  4'.>t);  etn-nlaiioit  in.  132. 

Cells  of  lili>od,  110;  uses  of.  iL'li;  ntinibers 
of,  in  diliercnt  animals,  lUI. 

Cells  of  kidiiev  remove  unoxidiied  bodies, 
223. 

Cells  in  lungs,  159. 

Cells,  n^nc,  204. 

Celliilosf,  71. 

f'entfL'  of  intellect,  GSiy. 

Centres  of  ncnes,  290. 

rcntrijjciid  and  centrifiipal  fibres.  265. 

Cejilialif  gnn(;lia,  271,  GOT. 

CEHKnKLLL-M,322;  develo]iment  of,  314;  ex- 
lieriinents  on,  323  ;  structure  and  function 
of,  322. 

Ccreliml  sight,  401. 

CercUnK-jiina!  fluid,  326. 

(^EiiKiiiirM,  structure  of,  317;  development 
of,  314;  ssjieits  of.  316;  tracts  of.  318; 
gmiglia  ai  Imse,  319;  weight  of,  325;  at- 
mospheric jircsMirc  on.  320. 

Cheese,  making  of,  31. 


^^^^^^v 

R^^^^^^^^^              H 

^^t9mwldcn'«ea«eofcaiarBCl,419;  oatlwetr, 

CwiOu^uion,  tnodificRlinn  oC,  RIA.                       ^^^^| 

StU. 

ConHmanu,  XM>;  explodtvc  and  «xitlntKMiA,     ^^^^| 

Chert,  t>  1*  <if,  161. 

357.                                                                 ^^M 

i;  hi  (ill  nil.  .tTU. 

Cotuunt  tcinpenuure,  pnUetn  of,  IT6.                     ^^M 

Ckiuifiaiixec.  Ki^l. 

CoiifliliieiiMof plant*,  MnwcwoftWS;  ofttan             ^^M 

Cbltie>e,  riTl;  writiiift.  KSS. 

blood,  funircianB  >4,  \2&.                                              ^^M 

l?hltin  ill  uiitcv  uriRweU,  71. 

Coiilariii  i .  Cardinal,  on  i-f  ictunnoTlgatlaa,  9Si.            ^H 

Chlarinc  ami  hi'drutccn,  471. 

Contructllfi  ftbru-ecll-i,  tK.                                       ^^M 

rhck-in^liiii,  12*- 

CoNTRACTiLiiy  of  ibumIc,  (42,  449 ;  iwlnrD            ^H 

Cliuk-r«,  fllcMof,  28. 

nf.  44^'.                                                                                    ^H 

Ohnlmcrinc.  :iT3. 

ConiiuctioD,  hjpothiMi*  of,  451  ;  hy  mttr,            ^^M 
4fil :  b>-  touch,  lAU :  after  death,  444.                   ^H 

Chorda  dorsnlM,  nSH. 

Chorion,  &'Jli ;  ctiati)ti--ii  in,  RS&. 

Control  of  heat  tnr  nervm,  ISG.                                  ^H 

Choruitl  cuai,  &H  ;  iiiuciiou  of,  394. 

Cont-ofKhii;  media,  S8I .                                      ^^^^^ 

rhoiiuton  iiuininon,  lit*, 'J43. 

Cooling  afTctifiiss  IM.                                        ^^^^H 

CH»muxCuritcii,B2();  tpruul uf, in  Amcr- 

('■OTtl,  «pinii],  Stll  i  conduction  bj,  399.               ^^^^H 

Htt.fi9tl. 

Conun,  384.                                                              ^^^H 

ChroBiMic  ftbenntioii,  StiS. 

Conn»cle«>.  of  uMk,  135 ;   of  fat,  34C ;   of            ^H 

ChronoRwicr,  illuHrruiion  ai  hcan  by,  140. 

blood.  116;  oritriii  of,  101.  I1&;  colorleia,            ^H 

Ctti  l-f-.  't^ -,   aitaur\it'K3ti  iif.  til  I  rsuncioflhc 

*.]il.  Il3j  of  clijric,  Ufl,  MS;  pro|Mnioo  of,              ^H 

dow  of,  80 ;  fuiu|Mwition  of,  tia  j  Rjqm«'-lrji, 

^H 

fini  appcnnuKu  uf,  ;)4 ;  uvtiuii  of  wuterUKl 

Coi.vledonii.  A36.                                                         ^H 

wik  arid  nil,  !«l. 

Ctinrl)  on  inf  unioqihofU,  &10.                            ^^^^H 

rhvmc,  r>3. 

Cuiine  of  llic  bile,  20S.                                           ^^^^M 

CilU,  4.1). 

Crub.  edible,  510.                                                     ^^^H 

CiluilcJ  aiiimoL-ule,  432. 

Crnniol  oenca,  338.                                                 ^^^H 

Cim;iL*Tii»>,    I4.*i  ;    obJH.TM  of.    111,    IS4  ; 

Cr«atinc  447.                                                           ^^M 

clliui(i«!  Juriiiw*.  136;  vuurKv  of,  |;14;   ill 

Crcrice,  paaagQ  of  rater  thioagh,  106.                    ^H 

plnnts,  i'A'i;  in  lnH-criuiiiiiuItt,  13c,;  nctlon 

(■'rime,  tctukncy  to,  S43.                                            ^H 
Crise*.  chaoicc  bv,  148,  484.                                            ^M 

uf  heart  in.  138  :  souiidti  of  hcuti  in.  189 ; 

Derrotiji  influpnt'v  on,  140;  firini,  Tall  [ ;  pU- 

Criii  cerebri,  HI  i;  cerebellj,  814.                               ^H 

ccnlul.  0^7;    ]iunnl,  I'M;   cooiiL>cliuii  wf 

CrusodGS.  630.                                                            ^H 

H        pnrte  br,  [  i:! ;  liepeadenn  of,  on  iv^pirn- 

Cr>-((taUi]ie  Iciift,  a6l>.                                                 ^H 

H        tion,  I'A'i. 

Cry*t>iU  of  btnod,  119.                                                ^H 

■    CiTil  Invr.  USA. 

CutAuuoaa  abMcniion,  98.                                          ^^M 
Cuviur  on  OTKanano,  466.                                          ^^M 

H    UvrlirAtioii,  ctlbtx  ct  tHoiXta  on,  599;  com- 

H        purtril  wiilt  b«irlwrura,  604. 

Cyvlea  uf  prugrcM,  612.                                              ^H 

H    (.-uiwiiflriiiioii   of  nuiinl  hutorjr,  606 ;   of 

^^1 

■       Ekulls,5^C. 

^1 

H     Climnien.  iHiiaiiioal,  1)^1. 

H     Clnck,  i)Iii>traiii>ii  I'rooi,  tB!i. 

Daltcw  on  cornoiE  Intctum,  632 ;  on  difftuiun,             ^H 

^L  CiMaiihiliuil  of  blutxl,  113. 

■ 

Daobenton  on  i>ku)l,  r,m.                                           ^H 

^     »73. 

Darv  on  nrjitnul  heat,  ]~i;  on  nieconiuM,             ^^M 

Ccvlioc  oxift,  nunlflt-nlioiif  of,  4d, 

21)3 :  on  jtroioxide  of  nitrogen,  4  VJ.                       ^H 

Coinap;,  inUDcliirtion  nf,  fiitO. 

Dcafncvt  indinn|;-bcll.S66;  patlia],  of  inCe-             ^H 

Cokl-lilnoded  uiiniAl*,  17V,  176. 

rtnr  aiiimitU.  3*7.                                                                 ^^| 

Cotcriilite  on  draMnm,  ftui3. 

Deutli,  MO ;  frviu  ac-idcnl  aiid  oM  »ffi,  Ml.             ^H 

Colbdon  on  dlvintc-hcU,  366. 

Vany,  •Jfi.                                                               ^M 

Color,  oripQ  of.  .'irtD. 

Doceptioo.  4U4  ;  of  tooeh,  431.                                      ^H 

Colored  rar-.  cllbrt  of,  461. 

Uelean  aa  the  voice,  3S6.                                           ^H 

Colwuvin.  tiirt. 

Dcscanca  on  iaaoeia,  609.                                       ^H 

ConitiUMtioii,  aniflt^iul,  IT;  ornwilr,  17,  18. 

Descent  ofMp.  cmm*  of;  87,  laS.                              ^H 

Cotnnicrn'u,  uri|{iri  of  Kuru|)CiiO,  filil. 

Deapcelz  on  aniinal  bcjil,  ISi.                                       ^^M 

CoiDiuiautiou  iii»truEU«[ils,  10, 

I>eiueti<.'«|>liututi,  'Jd-i.                                                     ^H 

Caintim»urc».  fuiictioo  of  aetvotUy  S60. 

l>BVRi.nnievr,  HOB :  of  the  ear,  87M ;  of  the             ^H 

Oain|Wf«iivf  itUlATjr,  61  ii. 

Cjc,   880  ;    of  tnUMlc,   4411  ;    K^oinctricBl                ^^M 

CaaipurUnvnlB  of  niniinA-nl'i  «lo[iinL'!i,  60. 

niDde«,  447 ;  of  bird,  iS ;  of  boon,  135.                    ^H 

Conpluiiienul  oJr.  I6fi. 

Dtnphnipn  luovenicnta,  161.                                      ^H 

ComplBxion  ortiuui.Gil,Si3. 

Dia«ioae  aaliraln,  4A.                                                 ^H 

OonrC|ilion,  fiSO. 

I>ici.  34.                                                                             ^M 

t'aailrnting  nrtion  of  mvinbriLiiw,  ICfi. 

IMflcrencee  in  men,  SG3.                                             ^H 

Condition  of  droanw,  86d. 

XhVPBKBKTUTIOX,  600;   caoM*  oC  MAi   tl-                ^H 

(Vmiiurcel  un  dMuna,  lUHL 

fluaoca  of  heat  on,  .ICKt ;  epoch*  of,  604 ;              ^H 

0(>udi»:iibilliv  Is  nerves,  366. 

defined.  All.                                                            ^M 

Coiifenu.  m. 

DcrruaiitH  of  itanea.  IGU ;  furce  of,  IS3,  ISC;               ^H 

^     CoDj^t'l/uiuu,  (M^petaal,  478. 

1                                                                         ^ 

f^eucnd  fuotB  of,  166;  effect  of,  163.                           ^H 
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Difiusion  of  influence  in  granular  nerre  ma- 
terial, 268. 

DiCKRTioK,  nature  of,  16,40,52,03;  object  of, 
61,66;  histogenetic,  63 ;  calorifucient,  63  ; 
is  mechanicui  and  chemical,  .")7  ;  double, 
Hi :  processes  uf,  as  iiisalivalion,  40,  46 ; 
dc);liitiliun,  46 ;  pae«n)<^  into  duodenum, 
53,  67 ;  jMssagc  olon^c  intestine,  67. 

Ditiestiiin,  artificial,  &2,  54. 

Dificstiuti  of  (turn,  71  ;  of  cellulose,  71;  of 
flanih,  7'J  ;  of  su^Eur,  72 ;  uf  fut,  T6  ;  inte»- 
tiunl  and  stomach,  contro^sted.  H}. 

Di):cstivc  imct,  divisions  of,  4t4 ;  of  insect, 
68;  nfvnriims  animals  •'>!';  juices,  their  or- 
ganic ingredient,  77 ;  power  injured  liy  sal- 
iva, 50. 

Dim's  of  muscular  fasciculi,  436  ;  of  blood, 
sec  Cells. 

Di»cii:^  jiroligenis,  .'i20. 

UistributiuD,  vertical, of  flant<:,  473;  of  beat, 
473. 

Diurnal  amount  of  air  used,  IGG. 

Diurnal  varintians  ofhcal,  178. 

Donnu  on  suHva,  44. 

D'Orbigny  on  Inca  Indians,  487. 

Donnou!«c,  stomach  of,  50. 

Doreol  cord,  2U3 ;  lominn,  ri27. 

Double  trains  of  lIiou)!bt,  u2'J. 

DoublcncRH  of  brain,  327. 

Dowler's  cxiieriiiicnts,  444. 

Dm[ici-,  J.  C,  on  Tes)iiraiiun,  168,  S39  ;  on 
urea,  220. 

Dreaming,  o55. 

Dmuninf;,  rc-itorntion  from,  133. 

Dnim  of  ciir,  3i)4. 

Duiility  of  niiii<l,  -VJl). 

Duct,  ilmriicif,  !MI. 

Ductlcs!.  ;;liiud^,  :;i  1. 

Ducts,  dotted.  4!H. 

Dufiiy,  liiw  (if.  104. 

Dugou^,  liciin  of,  136. 

Diiloiiii  [in  uiiiniul  beat,  182. 

Diimiis  on  fill,  21^. 

Duinwlici  im  cnJosiiiiftiis,  106. 

l)y>lysiii,  H;t. 

IKliMuii,  438. 

E. 

EAn,>iniceunM)f,37(i;  cMcnuil, 3fi0;  nclion 

of,  ;i.'.;i ;  inidiiiiri'  nerve  of,  3li8  ;  bibyriiilJi 

of,  37-"' ;  iym|niimni  (if,  3i;.'i. 
F>biiarion.  (.■rtcci  of,  330,  .',43. 
lidwjirils,  Milne,  un  crusrucciins,  488  ;  on  fat, 

24  «. 
EtLjl,  d(.'vcli)j.tiieiiE  cif  bird  from,  3.i. 
Ej;yjii,613,  (114. 
Elji.-iiiily.  Ileal  of,  !«.">. 
KU'ciivc  liilraliun.  l!lt>. 
Electrical  la.-ics.  I3il ;  I'lirrcnis  in  mll^clcs, 

413  :  iiiniliiciors,  iicrurs  rcsenible,  26ti. 
Elcciriciiy,  27.'i. 
Elciftitb  |Niir.  312. 
Elixir  of  liff.  (133. 
Elli|iiicd  skull,  .'.ml. 
Kmiihvo,  ."i3H  ;  ncmiinal  mcmlirnno  of,  ri 2,1 ; 

vuitcbrul  column  of.  5S2 ;  viiscular  area  of, 


527 ;  ollantnii^  .'i38 ;  eircolation,  531  ;  in- 
fluence of  mother,  534 ;  size  and  weight  of, 
nt  birth,  ."i40,  ri41  ;  viability  of,  545. 

Enibn'oiiic  (levclopment  of  brain,  313;  of 
circulatint:  n)itiaratu»,  531  ;  forms,  507. 

Emer^n^nte  of  impressions  from  brain,  4t^. 

Emotion»>,  mental,  290. 

Empiricism,  cxtiuction  of,  25. 

Enilocardinm,  137. 

Endocbrome,  403. 

End<^cnous  mncration,  496. 

Endosmosis,  lO.'t,  107,  131;  throntih  lilnu. 
154;  through  stucco,  107;  force  of,  107, 
153. 

Enteric  juice,  3C9. 

Epencephalon,  21>2,  528. 

Epidermis,  2<Ti ;  functions,  234. 

Epithelium,  l'.P7,  234;  crlindric,  tesselnted, 
ciliated,  197. 

E[«>chs  of  glolie,  481 ;  of  life,  r,47. 

Equilibrium,  conditions  of,  10,  22,  560. 

Erect  vision,  306. 

E(i)]uimaux,  .'>G8. 

Europe,  primitive  state  of,  613. 

Eurojiean  history,  (ilO. 

Eii-stHchian  tulic,  367. 

Euthanasia,  51)1. 

Eva|ionition,  185. 

Excretion,  213. 

Exhalation  bv  Innp:,  21,  22. 

Exosniosis,  106,  131. 

Esiiectomtion,  47. 

Explosive  consonants.  .Vt7. 

Extinction  of  Indians,  600. 

Exl:ncti(#ns.  484,488. 

Eyk,  sinictiire  of,  3>t2;  nenous  mechanism 
uf.  3h!l.  304  ;  nccosary  a]>paruius  of,  399. 

Eyoliiill.  motions  of,  401. 

Kvcbrmvs.  '.'I'.i'.). 

Eycliils. ;;:);). 

F. 

FiiiKii  lis  An  AyiArLNnKSTE  on  veins,  130. 

Ficc-cs.  s:i. 

Fair  races,  dis:i]i]iciirance  of,  ,')91,  ([.16. 

FiilliiiL',  >cri>alion  of,  ."i.V.I. 

Fasciculi  of  muscle,  4;t;i,  43G ;  di;:cstion  of. 

.'i4. 

Fat,  246;  osidi/.cs  gradually,  2.")2  ;  rcliiiion 
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Hnmboldt  on  respiration,  158 ;  on  piMita,  471. 

Humors  of  the  eye,  386. 

Hunter  on  retlexB,  6'J6. 

Hutrhison  on  respiration,  166. 

Hvbcmatin);  nniinals,  172,  183. 

Hydra,  61,  52,  432,  SOI,  534. 

Hydraulic  action  of  auricle,  146. 

Hydrochloric  acid,  52, 62. 

Hydru^eu,  use  of,  17,  19. 

HypoglotHud  nen'e,  343. 

I. 

Ideal  type  of  man,  566. 

Idiot,  composition  of  brain  of,  278. 

Utusions,  402. 

Imago,  511. 

Immortality  of  the  wnl,  416. 

Impcntonal  operations,  287. 

Impressions,  vestifces  of,  268. 

Improvability  of  man,  16. 

Inanition,  exi>criments  on,  178,  243. 

Inca  IndiaiiH,  487. 

Incombustible  men,  634. 

Independence  and  immortalitv  of  the  soul, 
285. 

Independent  action  of  each  half  of  the  brain, 
328. 

Index  of  prohibited  booka,  624. 

Indians,  57S ;  extinction  of,  600. 

India-rubber,  diffusiun  through,  162. 

Individuality,  nature  of,  468. 

lndo-Kuroi>canH,  573. 

Infancy  of  man,  638. 

Inflorescence,  heat  of,  176. 

IntiuctiL'c  of  atrents  on  man,  663,  567,  571 , 
uf  jiari'nt  on  child,  534. 

InHuciitial  an-,  2H-2. 

Infiisoriuls,  hciit  uf,  177. 

Inosiie,  447. 

Iiiijuixiiion,  c)itnl)lishmcnt  of,  624. 

In^alivaiion.  4<1. 

Insiinity  of  retina,  40ri. 

Inskit,  dij;e?ti<c  iract  of,  .')8 ;  cephalic  gan- 
plia,  271  :  nenoiist  system,  271  ;  respim- 
lioii  of,  157;  dcvcloi'menl  of,  .')I0;  struc- 
tiirc  mill  habit  of,  60^,  6U5  ;  memuiy  and 
niL'Iiini<>r|iliuscs  uf,  608. 

InstHiilHneousnus,-.  of  dreams,  5.'>0. 

Instinct  distinguished  fnmi  reason,  603. 

Insulxirdinalicm  of  one  hemtsjihcrc,  32(1. 

Intellect,  niii\iniiini  of,  ."/Jl  ;  centre  of,  tW.'i. 

Intensity,  udjustmttit  for  variations  of,  in 
eye,  3(<H. 

Intensity  of  lieol,  477.  572. 

Interference,  metliunism  of,  in  car,  372 ;  of 
nenoiis  impressions,  2(til. 

Interstitial  death,  244  ;  niuvements,  161. 

Intkbti.sk,  length  of,  42;  salts  and  gases  of, 
S2  ;  digestion  in,  63,  (iH,  81  ;  contents, 
i-hiiii}j:cs  of,  H;1  ;  sct'lion  of  wall  uf,  85  ;  |)er- 
isialiic  nioveniciils  of,  (i8  ;  passage  of  food 
through,  67,  81  ;  glands  and  secretion  of, 
till,  70. 

Inverse  problcnis,  284,  482. 

iNVKKSb  ViHioN,  4U1  ;  use  of,  416. 

[ris,  385. 


Iron  acted  on  by  gastric  juice,  60 ;  sonroe  at 

inblood-celU,  118. 
Irrespirable  ras,  action  of,  133,  169. 
Isaacs  on  kidnejr,  217. 

J. 

Jackson  on  the  ear,  373. 

Jacob's  membrane,  390. 

Jeffreys  on  respiration,  I6fi. 

Jesuits,  624. 

Jones,  Bence,  on  urine,  231. 

Junes,  HandJield,  on  hepatic  cells,  206. 

Jones,  W.,  on  blood-cells,  117. 

IC 

Kaftibs,  677. 

KamtBchatdale,  575. 

Kangaroo,  59. 

Kidney,  213;  stmctnre  of,  214;  tubuli  uri- 
niferi  of,  215;  circulation  in,  215;  devel- 
opment of,  214  ;  vicarious  action,  186. 

Kiestine,  231. 

Kollikeronskin,  420;  on  retina,  S91;  spleen. 
211. 

Koumiss,  80. 

Kraose  on  sebaceous  secredtm,  240. 

Kreatine,  447. 

Knne  on  bile,  203. 

I.. 

LABTRnrrn,  361. 

Lachrvmol  gland,  400. 

Locteals,  84,  86,  87,  91.  Ill  ;  function  of,  85; 
and  lynipliaiics,  couneclion  of,  with  respi- 
ration, 100. 

Lactic  acid,  47,  52,  73,  74,  75. 

Laeunic  of  bone,  253. 

Lamina  sjiiralis,  3't'J. 

Lunderer  on  perspiration,  240. 

Languages,  357. 

Laplander,  568. 

Lann,  510. 

Larjnx,  353;  double,  of  birds,  352 ;  artificial, 
355. 

Lateral  inversion.  3!>7. 

Lateral  view  uf  skull,  581. 

Law,  civil,  628. 

Lawrence  on  the  leg,  580. 

Laycock  on  cegihnlic  ganglia.  607. 

Leg,  580. 

Leguniin,  33. 

Lchniann  on  absorbed  nitrogen,  39 ;  pep- 
tones, 62;  gastric  solution,  66;  gum,  72; 
urine,  75;  (juancitv  of  blood,  113;  blood 
crvstals,  120 ;  bile," 203;  kiestine,  231. 

Leiiiy  on  liver,  198, 

Length  of  infant,  540 ;  of  sleep,  653. 

I^'ilcritier  on  chyle,  96. 

Liebcrkutin,  follicles  of,  69. 

Liebig  un  Inclic  acid,  75 ;  on  fibrin,  98 ;  on 
blood  gases,  125. 

Life,  conditions  of,  9,  12. 

Light,  nature  of,  39tf ;  iutluence  of,  459. 

Lime,  phosphate  of,  35. 
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of,  uii  rurintloii"".  .'iHH.     St-u  Bi]«, 

l.iifrtliuiitiin  <>(  fimiiiiiiiH  in  limin.  S24;  tf 
[iliitits  iitiil  aiiimuls  itf'J. 

L'ttiat'tiiy.  'tt't. 
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MetM«tmit<-  arid,  246. 
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Minrlcs,  tnie,m. 
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of.  m  AfrliH.  .MJ7. 

M<>i*liirv.  iiilluvnn-  of,  475. 

M'jrSiiIs  .'i74. 

M'iOniiiilny,  'i94. 

Mnniiihci-ni,  C,ni. 

MurUtlily,  i'li'i. 

Muitnu,  rilinry,  431  ;  mtiMuIjir,  43S. 

Motor  ocali  ncnc.  31)1. 

Motor  iTiKt  nriiniin,  :tlDi  r>fronl,aOR. 

MuntI),  fiinriionii  uf,  40. 
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,\|ullN.Tn'  miln,  r>3;t. 
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Ma«rlcjiiir«.  4;l4,  4S7. 

3dL'«rL't..iii  i-iiiiii:.Mniclaraof,1S3;  mm-*trl- 
ai«<l,  4:u>  i  motion  of,  iZ^  t  mnvc^meBtti,  n^ 
orUinnlion  of,  SSS:  rtJiiiTMii'm  of, -tlUt: 
rvjnvnilion  uf,  44IS;  l>l'.i«Hl-»e*«ti!«  of.  440; 
cwilraciK'ii  of,  lifter  doiiih.  444:  (l<.'<vlf)p- 
menc  nf,  440;  atutK-^ii*  of.  141  ;  raj.illiuiei 
of,  489;  eOixtsof  electridi/oa,448. 

Hasa,  his  tbmi,  623. 

N. 

Naii.«.  23B. 

Nnrwhol.  177. 

Naliuin,uri|iint>f,  ACA;  lialiita  of,  flC9;  pn)p- 

res>  of,  GUO. 
Natnml  biatory,  closilkatlun  of,  suti. 
NcKTO.  r>7&. 
N'eill  on  villi,  fM. 
XEiifK.N.dIvt»K(ii  of,  2.*>9:  rule  of  ron<hHtlon 

Id,  2Gn:   .bralb  cf,  24tl  ;    »bm  <>f,  569: 

fiincdonof  lllm«,  3A!>;  rntKliuii  of ttnicles 

247 :  ticccnity  of  ran  for.  itJi. 
Nen-ou  agenry,  naguinc*  of.  2KH :  mtin- 

miaaioB  of,  SOS;  ratcntiun  of,  !!69;  inter- 

ferance  of,  289. 
XcnouM  um,  :(77 ;  condition  lor  wtloil,  lU ; 

ccnlfM.  21IO. 
Kvrvntin  M-stcm,  lf*>K  ;  rnnimJn  )H^t,  IWli  d»* 

velo]nnctil  of,  2P'i ;  nK'lainoq>bi>^i>(>f,  QW; 

flnicturf  und  funrtiona  nl,  :;93. 
Nenoui  t<-7>t('ii]>r  mailer.  SGO:  KHnjtlia,  ZCH; 

at-tiviiv,  k*tj7  ;  tJMiiv,  vuai|xMilion  of.  373; 

rcgvncraikin.  U74. 
Ncw|inri  <»n  in»i.-cts  309. 
Newtun,  cnjorrd  rinHit  uf,  lOS. 
Nli^ulai  oB  B|itiitriliuii»,  40Q, 
Niiitidnarv,  .'hVJ. 
Nif[hl  *W]t.SG>(. 
Ninili  j«ir  nf  nvnvs  W*. 
Ntinrtntti.u'M-  of,  lit:  ill  re«pit«ttnH,lTI :  frei- 

oxiik  f>f,  1 1  ■•. 
KotM  liite*.  H7I. 
Non-eiriuletl  tilwc.  43A. 
XOMt,  434. 
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Nucleated  {-ell»,  circulation  in,  131.  : 

N'ucleine,  117.  ' 

NutleiiM,  il>3. 

NtTTRiTiuN,  240,  2iVi ;  connection  with  nerv- 
ous aKcnry,  1tt6,  244  :  selwlin):  |iowGr  in, 
245;  llircc  typuG  or,  582;  of  carnivon  and 
herfaivura,  3C.  '. 

OBJKtTIVB  OPEBATtONS,  287. 

Ocelli,  380. 

()L-tu|jus,  ncnous  system  of,  279. 

Oculur  sjicctra,  39(j.  I 

t)culu-nilitur  nenc,  333. 

Udors,  gennibility  to,  424 ;   localization  of,  ' 

A2ti.  ■ 

Odyssey,  613  ' 

Oil,  cmulsifyin;;  or,  TI;  globules  on  villus,  88. 
Old  BiiC  'Ai. 

IMcnginouK  princijiks  of  food,  SG,  8 1 . 
Oleinc,  246. 

Oltnciorv  orgnn,  nicrlianism  uf,  424. 
Olivury  budicij,:»)4,»14.  1 

Omphalo-iucsentcric  duct,  630;  vesiicb,&SI. 
Openitions  plants  arc,  470. 
Opium,  cBecis  of,  40ti.  ^ 

Optic  nene,  S'Jl. 
Orang,&81. 

Oruamc  fukx,  career  of,  456. 
Organic  life,  nene  of,  344. 
Organic  periodicities  connected  with  beat, 

179. 
Oigiininnis,  metnmor|iliosis  uf,  489. 
Orj;iinitiiiiiiu.  prini'i|ilc  nt",  457. 
Orpmi/.t.'d  Ixitlit-s.  iillalrojiisui  of,  188. 
Organs  ijf  .■icnsf,  ;f.*i!(. 
Orij^'in  uf  luiiiiinti,  ."iliS. 
UrnittuTvut  lius,  L'L'l. 
Ossicles, ';IIJ7. 
Ossiticiitiou,  2.V). 
Ostcrlciii  ou  villi,  Ki!. 
Ostricli,  >tonuich  of,  'ii». 
Ovnl  .-kull.  .Wi;. 

Ovuriiini,  origin  uf  ut'u  in,  520;  corpus  lute- 
urn  uf,  5:;2. 
OviBuc,  5l'0. 
Ovi'M,  521  ;   (lixliiirj^c  of  from  ovnrv,  &2:( ; 

chunjrcs  of,  .jL'4  ;  segnieiituiiou  of,  524. 
Owen  (111  llie  unit,  ;isu ;  ou  skiili,  ri3'2,  584. 
Oxulic  [ifid  ill  urine,  222. 
OXYi.LN,  uses  of,  47,  mi,  134  ;  i[i  res|iiruIinTi, 

i:)4,  \iy.i,  lt<2:  iuHiienee  uf,  un  lilooil.  12t;; 

i-lmii;;es  iilliuiuen  iuiu  tibriu,  101, 176;  lib- 

emted  by  plants,  401. 

1". 

I'AriMAN  iii)i>iKH.  420. 

Piii;anii^ni,  fiill  of.  I>22. 

I'liinc,  I'rufessur,  uii  |iliinls,  478. 

Pnlc  jieople,  iliMi|i|ieiinui('e  of,  in  Europe,  G34. 

PaliiigcTLesiti,  IhU, 

I'um'rt'iis,  (IM  ;  juice  of.  lis, 

I'liiillieisin,  2SH. 

rapid  Kovcninieiii,  tl!j:i. 

rajiillw  of  skin,  4lli;  of  ti>M;.'iie,  428. 


Parotid  gland,  43. 

Fart uri lion,  533. 

Par  vagtun,  340 ;  inflnence  of,  on  Utot,  208. 

Patagonians,  578. 

Patella,  nervous  system  of,  279. 

Pathetici,  334. 

Patina,  151. 

Pcl^an  ttTte,  579. 

Pepsin,  49^  54,  55. 

Peptones,  50,  53,  ti2. 

Perception  uf  time,  loss  of,  332. 

I'erieurdium,  137. 

Peristallic  moiements,  53. 

Peroxalmc  of  iron  decomposed  by  light,  4C1. 

Persecution,  result  of,  624. 

Persian  cmjiirc,  016. 

Perepi ration,  238. 

Pcmuasionx,  544. 

Peruvian,  B7C. 

Peyer's  bodie^s  70,  94. 

Phantasms,  liK-nlization  of,  415. 

Philippine  negro,  .^78. 

Philosopher's  stone.  633. 

Philosophy,  suppression  of,  624. 

Ph(tnieiBns,61^. 

Phospborus,  17,  23,  27,  32,  27.5. 

Photograpbic  ertcctv  of  tcm|«nitLir«.  'A'.*S, 

Phrenic  non'c,  344. 

PbrenoIog>-,  324. 

Phtsioloot,  subdivisions  of,  26  ;  stniical,9; 

dynamical,  455. 
Piles  of  Kilter,  277. 
Pine,  woody  fibre  of,  498. 
Placentii,  ,".26. 
Plants,  individuality  uf,  468  ;   (juaniity  of 

heat  for,  467  ;  seculiir  changes  of,  480 ;  lo- 

culi^iiliuii.  482. 
1'ta.Muii.  121. 
Plasti<'  ]>uwcr,  4."i!i,  471. 
Pncuniopistric  nene,  340. 
Polvpiiiiv,  5114. 
Polyl*,  51. 
Polytheism,  COI. 
Pompeii,  4U5. 
Pons  viirolii,  307. 
Puri'U|iiue,  .111. 
Porjioise,  slomach  of,  59. 
I'ortuI  circulation,  IIH,  134,  201,  2iK. 
I'ort.s  of  Egypt,  o|iciiin;.'  of,  CHI. 
I'usicrior  nwis  of  sjiiuiil  ncives  296. 
I'oiassiuni,  iodide  of,  e.\|jeriniunis  with,  47, 

52. 
I'owder  of  projection,  633. 
I'rc-exisiencc,  >entimeiit  of,  331, 
Prcvust  laid  Dumas  on  musile,  439. 
Priilijird  on   habits  of  men,  569 ;  on  skull. 

580.  585. 
I'ricsilcy  on  gn.*eous  cndosmosis,  151. 
Primitive  trace,  293,  527. 
Priuiordiid  cell,  45S. 
Priucijile  of  urganiiialion,  457. 
Priming,  358. 
Prognathous  skull,  .586. 
Protein  l)">dies  remuvcd  by  urine,  220,  222.^ 
Provcni.'nl  on  respiration,  155. 
I'saninieliehus,  615. 
Psychical  jiowers,  327. 


^^^^^^^^^^^^^^^^^WOEX^^^^^^^^^^^^^^I^^^^H 

Piolcmic*,  fiSI. 

Snliwlin,  A3I.                                                                    ^H 

PlvMtinv,  4A. 

Saliva.  4^;  acHon  of,  W;  qunniiiy  vT.  44,           ^H 

I'liUatiiin  of  heart,  IS8;  ofiirtcnca,  141. 

47;  tp<!eilic  icrartty  of.  44;  com|i>>»itM>n  of             ^H 

Pulw,  139. 

45;  ncdonoC,  in»(oiii«cb,4<i,  60;  Mittdoa            ^H 

I'njia.  .ill. 

1)} ,  47.                                                                          ^M 

l*>-iiunidn]  xkull,  u8C. 

Salivan'  clandu,  43.                                                        ^H 
.SMl]uc,r>37.                                                                      ^M 

i'>-nuni(lfi,  ttntcrior  utid  |iu«terior,  JHM- 

Sdi.  lue  of.  63.                                                   ^M 

Q- 

SunoiodM,  fl6H.                                                       ^H 

S«nkey  uo  tmiin,  32ii.                                              ^^M 

QiTAiH  ojf  *mr«Ki«K,  247. 

Sa|i,  a«x')Htiii»,  87,  IS2.                                               ^^H 

Omliiy  of  muiiiIp,  ciimiiiiuii  or,  875. 

Sanrolctuiuii.  433, 438.                                       ^^^H 

Uiunlily  (^riicitl.  477. 

Sc-nLc  of  cur,  'MA.                                             ^^^^M 

Qnciolui,  n-«fn.n'lit;!>  t>f,  I."!.  MO. 

itc\wTer  uii  urine,  2?  1 .                                           ^^^^^| 

Quick  rc>piraiioii,  eil'tci  uf.  Iti3. 

Sclilopnbcfitur  uii  bruin,  iH.                                    ^^M 

<jiiini:cy.  Do,  oil  opiuiD,  +07. 

Kchmifltoii  dlllllI^itlAll^^»^;  on  b]ood-«elb,            ^H 

^K 

1 1!) ;  on  pnL'uiuu<!u^lri>'.  .J4  :  oii  )w|niti,  Aft ;             ^^M 

^v 

oD  luncrcBiir  juirvi,  OH  :  mi  inUaiiaal  wn*            ^H 

^^ 

tcr.  t^I;  un  liitruiutUiligii,  U3.                                    ^H 

■      [Uoiit.  filiro  mtcm,  ;i1Hli 

SctiiK-i.ici-iun  i)ii.-mlinM)c,  Vit.                                      ^H 

K    RaMlindun  nflwiil,  IKt. 

Sctiulu  on  iiium^Il'  jiiji'l-,  434.                                        ^^M 

H    Rainllke  aeiion  uflieun,  147. 

Si.'I)waiiti  on  nL'ni'*,  :201.                                           ^H 

W   B*rdled  air.  elf^i-t  .>f  183. 

SciciiL'i;,  <--uiiinbutiuits  of  Aiia  to,  5&6.                ^^^^H 

K»_T  on  in»ert  huhtti.  IllW, 

Sclcnxic,  S84.                                                    ^^^H 

RoBunitir  on  ilitii?*<i>>ii,  .Vr. 

8cai,  Rcipa&ld,  on  »|iiril<i,  407.                           ^^^^H 

K      KMlnnimi  or  rcm|«tntiirr.  IKI. 

H      Reflex  Hcti'in.  ?"<) ;   i>r  iiiacits,  n03. 

■      Reforiiuit  ion.  H 1 0.  0 W . 

Scon,  Wuller,  on  lyinu.  404.                               ^^^H 

KclurvDiiH  glaiiilii,  227.                                                   ^H 

Sc<,>r«lvd  iiiiiitvr>  )>ri--exi>it  in  Mood,  193,  I9.'t.             ^H 

BrjciatoraiJ  imprvs^'iun!!.  411. 

Secreiion,  IK'J  :  xtniciUTCsfoT.  lli»:  byacnina            ^H 

B      RvpJttry  of  Minnili,  :ir>M. 

W    BiotsuBvh  and  Ki.-i*i.*c  on  re»pinUM>ii,  ITO. 

membranes  '^3:  by  inucotm,  106.                        ^H 

SeeittK-     ifee  Vision.                                                     ^H 

Scmiin  on  cxliulniiun,  339.                                      ]^^ 

Repair.  ncMMiiy  iif,  Hi. 

Scli!clJng  fiou'cr.  W.                                                ^H 

Repnratmn,  23. 

ScmkiniiUir  cniiidn.  .tT.t,  364,  374.                               ^1 

R£fK<ii>r('Tioti  or  celk,  494;  and  dcvelop- 

Scnaation  uf  falliu;:,  hW.                           '              ^H 

imrtil.  ,MI.">  ;  cloM^«  iltveluplnciDI,  Slit. 

Senaes,  3.V.>.                                                               ^H 

Tti^pljlc  ivii.iiiiiliiii],  iM. 

Sonioriuiii,  -iHi.  3X9.                                                       ^M 

Ri'ii'liiiil  nir,  lisri. 

Scnaory  tmciofronl.anS.aW;  orbnuii,SSOi            ^M 

HKCi-iiiArm!",  151.  ir>iS.  ir.7.  170,  171,  ITI; 

ganglia.  2>t3.                                                          H 

wnier  rcntftved  by,  IGM;  fpiscn  of,  lli't,  ICI, 

Scniinicnt  »(  jiiw-csUtcnco,  SSL                                  ^H 

171,  17(1;  uiutcmei]i>  in.  IG'J:  luuvfmtinto 

Skkoi's  lliiidn,  I'J3.                                                  ^^^^H 

orairiu.  163;  Diiinlwr ofmovrineniA.  102; 

8crtiui  layer,                                                      ^^^^^ 

inl!urn(%  of  ntrvoits  ngvuts  on,  173;  ^u- 

tScrous  mi'mbrnnc,  193.                                      ^^^^| 

pral  HUtrnivni  of,  IT4. 

8er]ienta,  hrj^  of,  491 .                                             ^^^^| 

Kc»|>irali>r>  UiuvHtiun,  ^ 

Bcrum.  soils  of.  94.                                                  ^H 

RcAlifiinii  rKKtii-.-.  ;ii>4. 

Seventh  pair,  337.                                                     ^H 

RcsurriM'tliiu  of  r(>tn>,  R!t4- 

Sexr-H,  tnprtulitt  uf^  &4&.                                                ^^| 

tUnxA.  ."Kin,  A'.fi, 3M ;  MriiMure  of,  3W,  330; 

Sli«It«r.''iHi|'«frrv(-iM>nK  of,  181.                                  ^H 

duiarlvticv  uf.  403. 

Sittlii.  rercbnd.  401.                                                  ^H 

RetililK  an  Montuch.  01. 

.Silk.wonn,  4»9.                                                               ^H 

RcVDcM)  Mti  iiaBar,  208. 

Silver  bull*  in  digcMton,  (5.                                          ^H 

Kli'ak'XisitL'l,' 

Si  n  tfi  [i)f,  35S.                                                                    ^H 

Rfaytlimic  vont DC  lions,  448.               > 

iSintile  vLsion,  S95.                                                     ^H 

RiKor  tuortiR,  4:j*.*. 

BiMK-lct.  TiS-J.                                                            ^H 

Roman  coina,  ir»l. 

Sixth  pair,  334-                                                                ^H 

K      Rumaii  empire,  ii2'i. 

P      hotalion  of  AiittiinK  .134. 

Kkckian.  2:>».  At>0.                                                          ^1 

8kih,2U^;  iUMir|ilKiinbv.241  :  iranxpiralion             ^H 

HuitiiiiCltlari  iir^iit!!,  401. 

fnxD.  If.\237;  f^nitiit. 'iiV* :  txiHlulion             ^H 

Kiidiiiii-iitiiry  fj»tn<l-,  335. 

of.  Iti5,339.                                                                  ^1 

Komftinl  on  rluihiti).',  ItM). 

Skcllr.  cxomiitntion  of,  ,'>M  :  r<Tn»of,  M3t            ^H 

Kominant.  ntniniu-h  uf,A9. 

cla^ifiralitdi  of,  MO  :    i.-lli'rt  uf  heal  a^             ^H 

Buttung,  424. 

^M 

k 

(i\ark  on  ciiYulaiiua  in  celk,  133.                                 ^H 

■                                  S. 

8)uc|>,AAI.                                                                        ^1 

^«  r«tipirati«ti.  llUt.                                                     ^H 

1     Babhatii  DAT.  637. 

Smell.  41'a :  rondiiion  of.  43A.                                ^H 

■     Sabuv,  UcKrt  of,  47ft. 

tioajy-bubUe,  (Ufuioti  ihfDUgh.  ISS.                          ^H 
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Social  mechanics,  602. 

Society  wf  insects,  604. 

Kociol(^v,  comimrntive,  002. 

ISotlium,  L'hioride  or,  63  ;  use  of,  77. 

Soemmering;  on  lei;,  'ittO;  spot  of,  365,  397. 

Soil,  influence  of,  476. 

Solar  plexus,  350. 

Somnambulism,  557. 

Song  and  speech,  diMinctions  of,  3.52. 

Soul,  existence  of,  28S ;  independence  of, 
285,  548. 

Sound,  peculiarities  of,  361  ;  analogy  of,  to 
light,  37<J ;  articulate,  .')30. 

Spain,  colonial  empire  of,  632. 

Spallanuini  on  food,  65. 

Speaking  roachineM.  350. 

Species  of  plants,  479 ;  changes  in,  480, 484. 

Speech,  539. 

Spennaiic  fluid,  517. 

Spcnnatozoa,  517;  derelopmcnt  of,  518. 

Spenn-ccU,  51U. 

Spherical  abemttion,  3^. 

Sphinx  lignstri.  27'J,  308, 313, 607. 

Spinal  BXLt,  291. 

SriNAL  CORD,  294, 296 ;  reflex  action  of,  300 ; 
comparative  anatomy  of,  300 ;  divisions  of, 
296 1  connection  of,  with  brain,  302 ;  func- 
tions of,  303. 

Spinal  nerves,  nxrts  of,  303. 

Spiracle  of  insect,  157,  352. 

Spiral  vessels,  498. 

Spirit,  24. 

Spirotitrcptus,  30t. 

S^isr^ituJe  of  blood.  169,  190. 

Sjjitlid);,  habit  (jf,  47. 

Spleen,  211. 

SponniolcN  H7,  406. 

S|Hiniiinci>iH  i;i7nimntion,  530. 

Sltiffcs  in  iii[ro<liii'ii»n  of  air,  160. 

Standards,  li\cd  physiological,  13  ;  tables  of, 

ir,. 

Stimdin)!,  453. 

Sltijicdiiis,  365. 

Slari-li,  71. 

Starvniion,  1S3. 

Stearinc,  246. 

Stcciistrujj  on  trcneration,  537. 

tSleno,  din'i  of.  1."). 

StcrcosCiijH:,  :ilP7. 

Still  hivcr,  143. 

Stomach,  41,  42;  tyjies  of.  42  ;  temperature 
or,4!);  ic;;i(ms  of,  6(1 ;  hisloiicni'lif  dijjijs- 
liiin  ijf,  6:(;  IiIihkI- vessels  iif,  W'2  :  niiii-wis 
surfjiccul',  ."ill,  r.H;  (Villicles  iif,  .'.II;  livdroiil 
naliire  of.  51  ;  iritiiniriiin  iiy,  55  ;  sccre- 
lic)n>  (if,  41^;  viirious  furius  of,  5y ;  Hiove- 
nieiils  nf,  ri'2. 

Stove,  Wiiniiini;  bv,  IHI. 

Streckcr  <iti  liilc,  204. 

Strialcil  Tnusculur  lilirc,  433,  4.%. 

Stuct'o,  cndi>snii>sis  ihri>Li);h.  107,  152. 

SuUlivisiiuis  inllinrnci'd  by  liciit,  71). 

Snbjcriivc  ojicraiions,  287:  images,  398. 

Submiixillnry  snJitii,  4:{. 

Sui'iion.  iK't  iif,  2l'!<. 

Sudiirijiii rolls  ulimUs,  237,  238. 

Snlphocyaniile  uf  putitssiuiii,  43. 


iSnlphor,  17,  23,27. 

I  Sunlight,  4,58;  consumption  of,  459;  ns«a  of, 

I     466 ;  variation  of,  483. 

'  Supplemental  air,  165, 

I  Supra -renal  capsules,  214. 

'  Kniroming  bladder,  157. 

Sympathetic  BreTEH,  344;  peculiar  fibres 
of,  262 ;  origin  of,  345 ;  coanected  with 
Kpinal,  345 ;  ganglia  of,  346. 

Symiialhy  depends  on  circnlation,  112. 

Synthetical  mind  of  Asiatic,  592. 

Syntonin,  438. 

Systemic  circulation,  134. 

T. 

Tadpole,  experiments  with,  489. 

Talking  birds,  3i-)2. 

Taste,  427  ;  nerves  of,  429. 

Taurine,  204,  208. 

Teeth,  40 ;  dejelopment  of,  639. 

Teleology,  iT$L 

TEXPLRAruRE.  cffcct  of,  on  body,  177     on 

skull,  590;  extremes,  178. 
Tendons,  439. 
Tensor  tynipani,  365. 

■  Tenth  pair  of  nenes,  340. 
Testis,  .516 ;  secretion  of,  517. 
Thackrah  on  effect  of  want,  587. 

I  Thenard  on  pursjiiration,  240. 

■  Third  pair  of  nenes,  333. 
'  Thoracic  duct,  90. 

,  Tickling,  422. 

Tidal  air,  16,5. 

Time,  inirudiiction  of,  into  ncn'ous  mecha- 
nism, 2i;!l,  2M7. 

Tin,  triiUe  in,  619. 

TispuK,  cellular,  497:  nuiriform,  497  ;  fibro- 
'  cellular,  497;  vniscular,  49M;  yellow  fibrous, 
4!'9;  while  librous,  499;  areolar.  49:t. 

Tongue,  42H. 

TouiH.strmturcof  orjrimof.  417, 41S;  acute- 
I  ncss  of,  420;  in  animals,  421;  connected 
I      wirh  vision,  419. 

Tounicfort  on  pliiiits,  472, 

Toynliec  on  cur,  36.5. 

Tracts  iif  s]iiniil  coi-il.  303;  nf  brain,  318. 

Tnidescautia  Vir|,'iniiu,  circulaiinn  in,  132. 

Traditiuns,  ,567. 

Triimsof  ihoughi,  320. 

Transvci'sc  irunsmis>ion  in  spinal  cord,  298. 

Trcmblcy  nn  liydra,  .501, 

Tri;:cniiiLi,  334. 

Tris|ilam-buic  ncn-e,  344. 

Turner  un  smell,  427. 

Tivelfili  ]»iir,  343. 

Twins,  .'•iiiiilarity  (if.  ,509, 

Tympanum,  3fil),  36,5. 

Type,  ideal,  ol  man.  565.  611. 

i  ''■ 

I'Nirrtl.AH  NEnVK-CELLS,  263,  ?68. 

I'niver-ial  history,  61 1. 
.  I'rcn,  447. 

'Uhink,218;  com|"Osilion  of,  219  ;  urea  con- 
tained in  it,  220;   liijipurie  acid  in.  222: 
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Turisbili^  of,  219;  sulphst«a  in,  220;  in- 
fluence of  diet  on,  220;  saline  mailer  of, 
220. 

Uterine  niKridon,  526 ;  tubes,  fi2S. 

Utricle,  416. 

V. 

Vacotth,  tendency  to  a,  in  respiration,  165. 
Valentin  on  diffusion,  163 ;  on  pcrHpiration, 

229  ;  on  food,  39. 
Valven  of  the  heart,  138 ;  sounds  of,  IS'J.        | 
Valvulfe  conniventcs,  l>7.  i 

Variable  results  from  invariable  causes,  270, 

281.  ; 

Variations  of  heat,  17d;  effect  of,  on  man, . 
180;  of  species  of  plants,  470. 

Vascular  area,  !i28  ;  lamina.  528  ;  system, 
ori|pn  of,  528. 

VoKctable  cells,  circulation  in,  132,  466. 

Vein.",  absorption  by,  84,  143. 

Ventral  cord,  300,  307,  60». 

Ventricles,  138;  force  of,  139. 

Ventnri,  principle  of,  90. 

Vermiform  appendix,  63. 

Vemoia,  table  from,  53. 

Vertebra,  628. 

Vertebral  canal,  294. 

Venebrata,  294. 

Vertical  new  of  skull,  582. 

VesicuI-ab  matter,  composiUon  of,  274 ;  re- 
lations of,^15. 

Vestibule,  374. 

Vestijics  of  nervous  impressions,  269,  288. 

Vibration  of  sound,  time  measured  by,  372. 

Vicarious  action,  47,  190. 

Vieronll,  164. 

Villi,  84,  86,  87,  110;  cells  of,  88;  action  of, 
1 10. 

Vircliow  on  adipocire,  247. 

Vifdos,  379 ;  comparative  anatomy  of,  380; 
single  and  double,  395;  inverse,  401. 

Visions,  404 ;  conditions  of,  410. 

Visual  hallncinations,  408. 

Vital  principle,  24,  2.%  55,  108, 456. 

Vital  spark,  460. 

Vitreous  humor,  385. 

Vocal  sounds,  352,  354. 

Voice,  361 ;  artificial  Urynx,  366;  pitch  of, 
366. 


Volkmann  on  muscular  contraction,  276. 

Volume  of  contracting  muscle,  450. 

Volvox  globator,  518. 

Von  Bar,  law  of,  514. 

Von  Becker  on  carbohydrates,  39 ;  on  suftar, 

73. 
Vowels,  366. 


W. 


Walking,  453. 

Wallace  on  eye,  386. 
Want,  e(I(Mt  of,  587. 
Warmth,  artificial,  181;  increased  quantity 

required  in  sleep,  554. 
Wasmann  on  [lepsin,  65. 
Wasp,  liabitt  of,  606. 
Waste  of  tissue,  1 2,  23,  62. 
Water,  use  of,  16,  21,22;  solvent  power  of, 

21  ;    use  in  milk,  29;    absorption  of,  52: 

quantity  exhaled,  168 ;    cooling;  effect  of, 

186;  of  blood,  121. 
Wave  in  blood,  141. 
Weaninn  of  plants,  405. 
Weber  on  pelvis,  687  ;  on  quamity  of  blooil, 

113  ;  on  Biandinir,  453. 
Weight  of  man,  13,  1 4,  64 1  ;  <if  infants,  1 4 . 
Whale,  491. 
Wheatstone,  397. 
Whispering,  356. 
White  on  arm,  580. 
Wipan  on  duality  of  mind,  329,  331. 
Willow,  469. 
Wilson  on  heart,  136. 
Wine-makin(f,  78. 
Wolffian  bodies,  150,  633. 
Women  in  Asia  and  Europe,  -^9;!. 
Words,  origin  of,  S5G. 
Worship,  public,  influence  of,  62H. 
Writing,  358,  610,  61.%  635. 

Z. 

ZiGZAO  appearance  of  muscle,  43!>. 
Zimmerman  on  respiration,  1 70. 
Zinc  acted  on  by  gastric  juice,  50. 
Zona  pellucida,  523,  525. 
Z4X>spores,  496. 
Zygncma  quininum,  615. 
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!i(;iTl(>\.>>      Sio.  i'UHi.  ;il(*aiA. 

TBiaONOUETBT  ANS  TABLES.    »««.  »f*t>. 
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til:.\l.  <   \M:i  I.I  !<.      •^■■,  Slirri,,  (1  an 
rSAOTlOAL  A8TB0NUUT.    ^••..  M.rniu  «1  U. 

BEVEifT  vsoasaa  of  astbohcmt,  Mpc- 

rlallr  In  tl>i:  I  ii.l>J  SUIr«      I'^iix.    tlLnlrii,  tl  OOl 
EICKENTS  or  BATTTBAL  PHILCSOPXr,  fiT 
lit   iiv   if   AcaJriiilcB  aiiil    IKgli  fkliuola,      IIhin 

M'OLntTOOK-S  FIRST  BOOT  III  ULTIH.  fon. 
talnlns  tiratooiar,  birnlrH,  ^ad  \  uralnila/UA,  on  lb* 
MvtiwS  af  (.^onalaBt  liiilttUuii  ami  Irnpvtliloa.  Willi 
flanunaffea  of  Etjrmalocy  aii4  ifynxmx.  IZ»o.  Sharp 
p^lrm^  Tn  ctait*. 

M-ouirrooK-s  VBoomi}  book  m  LATtM .  o». 

Inltilnit  Snibu  luid  Ka»lln|[  Lhmhw  Vii  I'lriaFt  fan>- 
Init  a  •uM^imt  l^lln  K«ai)<'r.  «it)>  liiilUittan  fUNeUaa 
■■III  ■  ViintiitarT.     I  .'nw,  Hliiu-p  riiiiL.  IS  oaalK 

M-UUItTCCII'S  FIR8T  BOOK  Ilf  OBBSK.  Cba- 
taliiiTiv  ■  riill  VIpv  a(  ))»  |^|m■«*f  Wortl.  •Mil  Vo. 
CabvUrtn  >iid  ivploua  GsanfaMk  on  Ibn  MatlnJ  ef 
nmiiiiiil  tiTillniinii  BBd  ItopatUlmi,  itovlard  midML 
Wilt)  lirlEf  tiiirainariwwf  Iba  Dnctriaa  of  Ifac  Verb,  and 
«r  iiic  i;iii'«  of  Svnus.    isno.  Sbanp  ntra.  TB  camii 

U'0LIHTOOK'S8B00in>B00Cm09BBS.  Cbn. 
UtKtDB  t'rniu.vllli  R«»4hijrl.«iiaaaila  ri«M;  T^»- 
ftdyaed  tin  DIaWu.  wKh  MMdhig  Ubdh  In  Vtow. 
FwnlBi  *  mfltdaM  (indiRrkilcT,  ■  llh  NotM  ud  c»- 
plona  TncabuluT.     Omn,  Shprp  ailn,  T5«hiU, 

MOBKB*  BOBtiOL  OEOaBAFHT.    A  Mv  8}«ttm 

of  Ov^raph*.  ft>r  Ibo  iiw  of  ^hoaU  IllualnM  b)- 
nii-n>  llian  W  (.'•R>irTk(Ul<  Map^  aiii  niimov-ui  Eu- 
(:r* vine*  on  Wood.  4tn,  II >1/  IVmnd.  S>^  (*«ta 
PABKBRV  AIDS  TO  EHOLIBB  OOMPOSITION, 
Pnijiarad  far  Stndvntt of  aO  Omli!!,  mibnacing  tipH-i, 
IDMta  ond  EMtnfl—et  Btluwl  and  Onllpfc  Bxtmli**, 
iad  B(«)  of  *h«  MBTior  jttftnmmuof  I'niWibVfin- 
IKMltkin,  Inlh  In  rroM  anal  Vnrv. 


wM)  Addlilani  and  Iniprontnanli. 
eenUi  SliMli.  HOcmla. 


A  n*<t  Bdltlan. 
Itmo,  MullD,  f» 


FABKEBV  OEOGRAFHIOAL  QPm»TBMWi.l 

nl  f'.t  tbc  <i*c  u<  Mnrvf*.  W.odbrldp'a.  Wc 
MltDiaira.  ndd'a.  UalM  Ilna'a.  dalib'i,  cHbi^I 
Ucodrtcbll.  or  may  •Um  riiWruMi  Coltofllaa  <4 
Uana:  (BhrnclBf.  bjr  najr  ut  tiBtoitaD  aad  An—. 
aacb  tSictkn*  af  tka  KbMcnla  of  Umignflbj  w  Mt 
■araaan- a*  an  t olndaMhM  ta  tin  M«4j  ■!  l6(  Ban 
Tv  akici  <•  addad  «  uwclw  DaKrlpUiu  of  Ai  Twiw 
irtol  Olnbe.     Itrno.  Moalln.  MwMa. 

FABKHfB  OOTLIBBS  OF  OBBBSAL  ! 
Mriannd  •■  ihc  K'unilBttaa  titi  Raalav  of  t 
oTllMorical  Itaadloc    Um*.  tawap  utn.  «t 

FUIOTVS.    -Tbrl^ptt**.''    ALoiMdvot 
Wltk  EaBHib  »otca  for  (ba  w*  aif  ftuidttiU 
noDlwT    ■■  !•      "inn.  Fnaer.  S:i  nala. 

POTTEP  ■    ' 'iTIBSOW^THB 

IH.1K."  I-ACT  I.  Tba  «(ho<,i  I  m 

It«laU->i~. -."■  I--M.     Wilb  a  Akotcli  of  llw  n 

maNn«Bd«d  In  itaa  lolitd  itt»tai.ifa«  gmwni 
Ca«aHai  Sttioola,  iba  bMi  Haana  of  imprvrtny  _ 
mi  Iks  Mmarqiwat  l>uliea  of  fhrailik  TnHM« 
I(i4>MMn.Ac~r*>rtl.  TW pw|Hi  CbamaWr. iia* 

Um,  Mi  Dwtlca  uf  Ihr  TcactN*,  «K)i  tltf  hno  M«4h«d> 

IW    tba    OeTDtaamnt   and    laUrr:'  ^       '    '    .ii.u„.t 
BihMk,  and  Ibv  1-Hadpln  m.  -.  1 

aboadd  l»  Riilll.  Arraaiiad,  Wai'  .1..1 

II7  AUKin  I'uTTMk  IKll..  VtA  i>Ei.ci,ii  U   r  a^Bin. 
A.  M       tiBRnrinH.     Itmoi,  Hwllit.  91  W. 

PorrCB'S   POLITIOAL   EOOnOMT;    (•■  Ot^Ma 

i;i».aiid  frtartplva;  «miiM«d'< '-.-utt. 

DaDdilloii  of  Ua  Amcrtcau  Pa«fil<  i.Kacj 

f«rtbt  nagofwmd— U     iHaao.  II.  >uu 

BBMWIOK^ cmmmtT.  qiu-un"!-  •■•'iT%Ttwwi 
IHnia.  Half  Mikti;.  ::■  rmlt. 

BBMWIOK-S  NATnRAL  FOXLoaoPBT.    Uhum 

Doiiai     1" Ill's  IU;i  (•li'-rp,  ~. rtiiia 
BBKWICK'S    MCCHakicS.      HjnilliailiiM  of  »< 

M«M>  sJ  Uri'buiLn  111  |-iw-ll(al  riil|  HI  I       Eap*'- 
IniriL     IMii",  Half  Mi(<Fp.  WOrvnU. 

BIDDLE  AKD  ARNOLD'S  BMGUSHiJJlTni  L8X- 

l<:(>^.  rriUiMlFit  oa  tbfl  On-inn-LalUi    llktIiMMrT  id 
Dr  r.  n.  Ubobuib  '  'id.  aiwIwwUMalBg 

a  «>|iiiwt  IHriioMei  I  -laaL     Bvl^iuui 

AiniKin.  LL II      It.  ,  cnra.  WOb 

HAIiKBTiP-a  TIBVr  b-JVti.  in  6FAniSH.  Ada«M 
la  avcij  iTIaa*  of  Laamat* ;  cmialniiii;  full  ImMa* 
llt«a  ia  PnmunclaUaa  i  a  Gnmuar.  Ucadlos  1» 
■nai.  Ac.     ttinoi,  fibaon  citra.  |1  Vd.  ~ 

nOTH'S  «FBOF.  A.  W.>  HBOBAMIOt.    E»baa 

Ik*  Tliaorr  of  d«*ll«a  aad  I'vnamlca,  aad  ll«  Aall 
'     Uon  la  So&da  aad  llaldt.     fUiulnUiMa.     ISaa.  Hi 

.  SMnVS  iDB.  WBLl  HURraST  OF  OTtBrOE.  trm^ 

Ik*  Ijirllnl  TIbhm  In  lb*  Ronaa  '  h  Suy. 

pIcBrtnia.'y  (JlvaM«r«on  tbcUbtxt  maod 

Art.      »'<ir  ItrhiujK  aail  MiidWUL  iiilim 

W.>i>l<uU.      KdllBt    try  I'Mfcaaor  (^aiui.      Ihaa. 

Mmllft,  $1  00,  

SMTTK'B  (DB.  WBti  VTDDBBTV  CtlBSOTf     tIm 

UliWryo/lbeUKlJaeandrbllnXUi*  It.  < 

Hf  KiiwiiKii  fliHSOa      Ataridyad      lii'i 

HaMMtfata  of  ItMMit  tXoilMClaliila, 

ftaifB,   U.n  ,  Kdltur  nf  Ilia  ■Tlaisiri.i 

and  "  .V  ItinlanarrarUiMk  a«l  Kranaj: 

lltnUialod   by   l«d  Kntcntlajp  im   W. 

wlUi"Ud<l(U'*lloine."    ItaiA.  M< 
1M1TS*S  •DB.  WM.  >  KEW  OLA-'' 

AKYuriirrdLaud  Huinan  Kctoi:  1 

ll*A|tn|ih)'.      EdIWd    hj    •  tuiLXii    ,\>iii.i>.    I. LI'. 

IhO-al  !iia.  Sbani  aiun.  ti  ■'» 
•FBtrCEB'S  OnSEX  t^STAHEKT.  '^0.  ncHiii 

NnWa.  CrillMl.  HiilnkfkaL  mhI  >1»i 

Indtna,  A«.     Itia».  Kvdlii.  tl  W : 

»!«.  

STORY  OH  THE  OOKSTTTUTl :  ~ 

TS  •■I'll  I* 
UFHAM  ON  THE  WILL,     riill 

■led  Trvattio  nn  tlio  WllL     by  T.  U  L  rujLK      11 

81ie«<B«Itnk  fel  Ilk 
nPEAJTB  MUITAL  PHILOBOPBT.  amtawtait  < 

laaUnarttncDIaaf  tb(iInteU>«l  and  S*aalhUllia&    t 

vnljL  tSino.  fOioaa  nua,  «  00, 
DPHAira  imMVAL  FKLOSOrBT,  ABBimaJ 

DaUfitMl  aa  a  Trxt-llsak  la  Aiadamica     irnw,  Uhwv 


*»tra.  |l  »  

WXATBLTV    USMBBTS 


Muilhi.  m  emk 

WHATBLT'SBL^ 

Mualtn,  9t|  caiiat 


OF    LOOnX      Uiaa 


ajn«  or  BHBToBia  im-^ 


Per  a  Ml  Uaaolntlv*  litl  of  BMika  mItaUv  ftir  Behonl*  and  flollac**.  *«  ttaivn  A  Raonatf  CAVAWani. 
vMrh  niar  <^  oMalMd  (nliiUoudT  no  ktpllealbm  to  (he  [-MblMMin  ptrMiuUr.  m  by  U*ter  lnelDda«  au  1,1 


I 

I 


Inmmparahbj  the  best  Work  on  t/ie  Subject, 

DRAPER'S    PHYSIOLOGY. 


HT7MAH    PHTBIOI1OO7,    STATICAL    AlfS    OTNAMTCAI.;   or,  Tka 

C'oll■llIi'ln^  mill  Coiiri*  of  tlie  Life  of  M»ri :  fji-iui!  iln-  T<.'\i  wf  the  Lcflurvt  A,ty- 
Uvtrrcd  in  t)ic  Medk-ul  ]>c]iiintni;iit  uf  tlic  raivrniiy.  Ify  Joux  W.  DaM'Kit, 
M.D.,  LL.D..  I'roftiHor  of  C'hcmi*iry  and  I'hyjiiolomr  In  the  Unlw-reltv  of  »w 
Y4)rlc.      lIluHiruu-d  liy  nearlj  SOO  Hue  WockUcuu  fnioi  ItKiUfniifa*.     8n>,  6&0 

Till)  rknonlilr  r«caiiti«a  ohlch  hubCNiilTaDIOIhisTMlbr  Ike  Public  tad  Iht  lIcAlcM  PraltMlM, 
both  tn  AnxHea  •■»!  Fjtropr.  |iniT*B  hor  cotnplatatjr  H  liM  acKoaplUhcil  )ta  Aljoct  of  tariagliiK  dia  M4- 
•M*  on  alilpb  II  crwlK  U  IM  Mwfnlwntion  or  the  (tmcTKl  m4cr,  vtlbwul  knr  MCflflt*  «f  Ki  lil^ 
•eldtiUBe  iwdtlan.  Ai  a  nfttaUMUmi  at  tkn  preaiDl  Mate  af  PhyMol«|cr,  «sibod|r1iis  all  llw  n^mt 
torntgB  dtenmlva  In  ■  iona  Boi  oihcnrlar  aoBBnlbln  la  Ilia  iiiidaiit,  It  haa.  In  b*  Cam  •  y«ar,  !■••■ 
adcpird  U  a  Icxt-Uwk  In  a  ni^J^nty  «r  Amnlc&li  CoII«bm. 

Qraal,  t«BaTnr,  aatUaiKaeaa  (u  timl  mprd  haa  tntu,  lli«  Ikror  01  laoilpd  tu  ilbjrlhe  rtadlnt  awl  e4- 
nibM  daana  gannaltf  la  uul  auirt  nhklnit  T1i«r  liavn  arprarlalad  lb*  mannor  In  wliMi  11  brlnct 
knMrUdfB  DO  a  ao^act  of  Ibe  Uiheat  ImporUnralnilir  ««4]>hala(af  aadaiyla  thxaayccnptebnt^ii 
ptfanmu  not  fialUar  >llli  m«dteaJ  luaiK-n  Tlipy  liavo  fMnid  II  to )»  a  bnok  nal  altms  adapWd  lo  (b« 
UalVBTMr  <w  C'adacn,  bnt  anlkd  to  Utn  InitnicUAn  ft  eicry  bead  af  a  htmitr.  Tbo  nutneraua  rbota- 
ftBfiMe  tBfnvbip  It  contalaa  land  pvaUy  to  a  cImt  llluairalkin  of  tbr  Tarioiu  teplct  it  Jbmaw.  •n*' 
Ulav  tluNi  «Iio  bt**  aalj  llw  spportuMIr  iif  canal  atndr  to  lUtov  Ifa*  AuUw^  In  bla  daacrtrUaai  «ltl»- 
ml  an^  diflloiill^. 

Of  all  iho  l^lMiraa.  non*  iwrora  man  datoly  lionta  10  iw  than  PhTitalofy.  It  arjilalna  U>  na  ba* 
*<le«rfbUr  and  aandcrfuHr  iraan  nuda,"  iMtDhaa  nsbair  the  vaiiMupamsf  oarvrilcni  art  in  a  itete 
of  fafalili.  and  cnablFS  11*  lo  Piidrirt>nd  Iht  «au>ra  of  our  allnivnt*  and  JIjcmul  T\en  I*  >i«  rlaia of 
•^tlVtft  l>^  ladaed,  o»  ladlrldaal,  wlio  amj  nel  ptuAuMr  >>«e>itne  arqiKlnlcd  Bltb  K.  Il  la  Ih^rtiort 
l»  tb«  gaoanl  naiWf.  u  ml)  ut  th*  Profvadon,  Uwt  llila  hovk  I*  crftnd. 

A  book  ttet  In  full  of  latorMt.  Amtalolag  nany 
■Irtklnr  iWoiuhI  lUiiHciprrtnicntalUIUiUMIoiu. 
IVa  tMkc  onrMnirrr*  atknaiiladipnOBli  10  tht  au 


Ifcur  fnt  llic  (Kah  cantribollinia  li«  ha>  furnMiFd  10 
■rar  knowlPdin  of  Uiolaviaf  Itfa,  aod  lb*  nr«  IB- 
■inltch*  liaalmpMtadlolbaiinadirvf  lUmjauttita. 
ll  U  rail  aod  HMroncb  bair«od  WU  prwinia  irntl- 
laiwllitl  wohaiVMaii.  Alto  dnrrlpUrrdaUll  aud 
■bo  ontiri  Ui««ty  of  on^nUallon.  II  MiDpf«b«i»d( 
ibo  tatroi  dltroverioa  and  asibiidUa  lb«  lalMl  a>i>> 
dMiooB  of  at^MiML  —.VMM  Amtrteam  nnOw. 

tt  la aa  aHcttuI  and  liiliiiiiilii|  ami  rtih  In ri- 
»riiaan4.  (ntila  la  ■Hmlton  and  xbohi-llk*  la 
■•■MiMoe.—SMM  XM  (fild  Anm.  Jm-r^l 

Wm  rim  tnm  Ibaaumyof  ihliacrk  attb  an  Ib- 
pwidow  of  gTMl  powa  Md  ■rt.lnr.  Wo  an  hU*- 
M  tbal  DnpM'a  Pbyalolocy  nil)  late  an  Id|>«t. 
Inl  |lMi  tt  «ncai  acd  alll  add  ono  mora  to  lbs 
■n«ih(«  of  Anwfkan  iFibbook*  whlrb  majr  ba 
■fctid  fldt  br  Mt  «Ub  Ilia  boal  of  lho«  cMMOad 
fhiw  abma<L  — /^doif^te  Jfarff nf  AmmImt. 

Dr.  Dnpar'a  nr^otocr  >«  pvliafH  Iba  pMtoM 
work  «ii«r  hsMad  fnim  tbe  AoihIcbji  um  II 
lulH  Mib  ih«  Uadnd  lOansae  J  vork  of  LabBHi^ 
Ml  ll  marb  nuaiv  (radabte  and  plain.  Tbatoadlnc 
aul  KadjrUK  of  U  li  voitt  1b«  MtSbt§  aai  aMdy- 
lof  aa  th*  mmHt»l  prwahaa  at  Ibu  laatqiiartat  of 
aopotiiry.— ^'C  /.owl*  JMUMfCMi  jinm  Jnwml 

Wiiltia  In  an  Ba«)t>  <*«'*>■  a^rl*.  and  la  ■  *Mk 
IIWL  dimrea  lo  Im  la  Hid  llbraif  of  e\tiy  KUiMl 
— X«nrfan  JIJhfBiruni. 

nUaaaik  baa  all  the  cniiililt  dlaUnEtne««f  MaJ 
UMllI*!.— &MulvN  finnionilV. 


A  pnifoiind  and  i-tinpivhaiirfn  Iroatla*  of  aaft*t 

bleb- 

J^ondL 


_         m 

pbrd<*l  lifa  ttirotisb  aJI  lladiangra—aaDrk  bl^ 
It  honufoblo  10  hlioMilf  aud  bJa  /tvftmion 
fttetfr  ittnnc. 

I  la  anacMMMil  la  nriKlnal,  aiid  In  Ha  vMth  «f 
*Lnt  t1  alaMa  Ibal  at  our  (diniologUal  ireaBaaa... 
Ctmdi%  Iffrffm)  TCmm  mttl  QiuHlr. 

Thr  |nat  aniouel  ol  tnliuiiiallue  loelcally  ar> 
nuiK*d  and  eirarlj  alatad  tn  tlj|*  (wnipnhipa)**? 
)(4  riinipai^  >rirk  n-ndrni  il  |irr-«ili>eiitlr  At  to  be 
■dofilad  ■(  ■  iFttbrck  In  all  ImtlCBUoiia  of  lrar>- 
fn|t  ill  ivhirb  l*]i)-lfhiogy  fiimia  |iaxt  of  a  dciiii**  ot 
InatnicUu*.  and  Kmorel  ttadcn  vlU  ind  Htlic  nia«t 
Intrraatlnf  and  oarAil  mmpcaillim  vt  Iha  arlniir* 
rer  prlvala  nuidjr. — Cammiattmt  A4i*rttmi. 

It  oooMllalM  an  admlraWa  book  fbr  altidmU 
vbUa  la  allEBdanea  on  b<ti««*i  al  tW  aamt  llaar 
H  tIU  ba  lta«nd  roll  adapted  to  U»  Rvowal  aindnit. 
■bo  I*  lUbonl  an  vral  lawchar,  aBd  jolii  arrblai 
to  ksow  and  MdwMnd  Ito  l^nlaal  la««  of  hi* 
brtDs^^laHritoM  MtMed  OuMt. 

Faj  abon  oliviMitkiT  wnrki  In  aeopo  and  «bar- 
aa«r.  tl  anm*  Mlcd  lo  amirc  a  side  dnalallOM. 

It  U  tho  lafKB'  and  taoa  fonipMe  Inwllw  aa 
PhrtiaUffr  cvor  pvbllAod  In  Mir  CMBMry.  Md  wID 
ba  nralnl  and  hona<gd  aa  a  *ini«ri  «l  blub  ai^ 
iboHiy  la  aollt(M  aad  nta<— lai.  and  aMong  p«^ 
IMIonal  iDML-Ma^BMa  CiAUm  Otanw. 

Beyond  4UmUob  tb«  MM  pimmmUm  it  diM 
mat  wMact  atJWJMa  to  lb*  naaa  of  AnvlMa 
atod«au.— AUfcwMitf  OaMral  Hmitltmm. 


ET-HAtffk 


AiWwAtti iv  BAHPER  &  BROWEIiS,  ■ 

FntiikUn  iSi/uarc,  Sttv   York. 

A  Rtomna  «ni  tcbd  U>e  abo«a  Work  by  Mali.  pMUga  jiald  (for  mr  dUUMt  U II 

Uaiind  StalM  w4av  MM  nll*^  m  rrotfpl  <d  tb*  Hanmr- 


DRAPE  R'S 
TEXT-BOOK     ON     CHEMISTRY, 

FOR  THE  USE  OF   SCHOOLS  AND  COLLEGES. 

CAREFULLY   REVISED,  WITH    ADDITIONS. 

WITH    THREE    HUNDRED    ILL U STRATI OVa 

12mo,  Sheep  extra,  75  cents. 

This  if)  a  work  which  ban  beon  uwd  in  nnr  be^t  itchooli  and  collcfrea.  As  a  practical 
manual  or  instruction  it  is  iuln)inil>ly  ada|Jteit — it  is  clear,  concise,  and  well  arranged. 
The  author's  cx|>crience  in  teaching  hn.i  onabk-d  him  so  to  a|i)Kirtion  the  Buhjects  or  the 
lectures  as  to  do  equal  jutxicc  to  oach,  am)  he  ha-t  followed  the  host  method  stnd  order 
in  treatiuK  them.  'Without  this  practical  knowledge  as  a  teacher,  no  extent  of  scien- 
tific Icaminjj;  could  have  prodneed  so  perfect  a  cla.«s-tM>uk.  But  this  is  not  its  only 
merit.  It  is  not  a  mere  |N>iiular  compemlinm ;  it  is  a  complete  view  of  the  science  of 
ehemistrv,  particularly  of  the  science  as  it  now  i»,  its  nomenclature,  delinitiims,  an<l 
diM'trincs,  witit  the  latest  4iscoverics  which  have  been  made  in  it,  and  it  explains  the 
tuode  of  oxperimentiii^  »o  clearly  that  the  student  would  find  no  difficulty  in  osing  the 
Hjiparatua  without  othi-r  (;uidauce. 


DRAPE  R'S 
TEXT-BOOK  ON   NATURAL  PHFLOSOPHY. 

VOK   THI-:    USE    OF    SCHOOLS    AND   COLLEGKS. 

CONTAINING    THE    MOST    llECKNT    IJlSCOVERlKS    AND    FACTS,  COMl'ILKD    FROM 
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